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Jonclusion . 


INTRODUCTION. 


[aE problem of road safety is both complex and intangible, and its solution, 
0 urgently needed, is rendered difficult by the multiplicity of factors 
nvolved. The gravity of a situation, in which nearly 250,000 casualties, 
neluding between 6,000 and 7,000 killed and 50,000 seriously injured, 

re incurred in Great Britain annually, need hardly be emphasized. 


+ Correspondence on this Paper can be accepted until the Ist August 1940, and 
vill be published in the Institution J ournal for October 1940.—Sze. Inst. C.Ev 
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ACCIDENT STATISTICS. 


Variation of Incidence of Casualties. 

Reviewing recent annual totals, there are few obvious signs of imp: 
ment. Pedestrian casualties reached a maximum in 1931, but the fall waa 
not appreciable until 1935 (the first year reflecting, among other fa , 
the effect of pedestrian crossings). Since then the totals have varied littl 
Casualties to pedal-cyclists were considerably more than doubled in thé 
period 1928—1934, and have since shown no material signs of droppings 
Casualties to other road users have shown various fluctuations ; fo 
example, the number killed reached a maximum in 1930, but not unti 
1936 (the first full year after the 30-mile-per-hour speed-limit was introq 
duced) did it drop to below 2,000. The number of injured has risen steadily 
since 1935, and the total now stands at some 30 per cent. higher than ii 
1928. 

A proportion of these increases may be due to more comprehensive 
reporting of accidents. 


Effect of Remedial Measures. | 
There is, however, a reverse side to the picture. Mechanically-prog 
pelled vehicles of all classes form the majority (about 80 per cent.) od 
vehicles involved in accidents, the remainder being almost all pedal 
cyclists. During 1928-1938 the former increased in number by 50 per cent. 
and all types, except taxis and motor-cycles, increased in various pro‘ 
portions. Pedal-cycles also increased in number. The consequent ass mp ¢ 
tion of an increased mileage is borne out by the 95 per cent. increase iti 
- consumption of motor-fuel during this period and by the increased numbex 
of vehicles passing traffic-control points. In addition, higher mileage: 
per gallon are covered as a result of improved engines, and the increasing 
proportion of those of lower horsepower. On a mileage basis the oppor1 
tunities for accidents to occur have thus increased ; for example, tha 
number of potential skidding accidents has increased 50 per cent., and tha 
number of potential head-on collisions has increased 125 per cent. There 
are many other types of accident and many other factors influencing tha 
position, but the increase in the number of potential accidents in 1938 
over those of 1928 was in higher proportion than the increase either in the 
total number of vehicles or in motor-fuel consumption. Accidents i 
1938 might, therefore, have been expected to have been at least 100 per 
cent. higher than in 1928, whereas they actually showed an increase 0: 
37 per cent. only. This is a point which has often been disregarded, but 
it is the real measure of the success of the numerous efforts on the part 
of road engineers and others to promote safety. a 


Comparison Between Great Britain and Other Countries. 


Much can be learned from foreign experience in most subjects, and th ere 
is scope for such study in connexion with road safety. Pa 
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Table I shows comparative conditions. Great Britain is not only the 
10st densely-roaded country in the world, but also has the highest traffic 
ensity. Can any other deductions be made from a study of these data, 
earing in mind that the most useful statistics of all (namely, vehicle- 


Tapie I.—CoMPARATIVE INTERNATIONAL RoapD Conpirions, 1937. 
0 ee a a a 


Deaths 
D it; eee. 
ensi accidents 
of pot Miles of | motor | 1 P%, eel Deaths | Deaths esl 
ation: |road per : cf 
Country. persons niegte vehicles | inotor- | Pet 100 beater: 100,000 1,000,000 
| per | mile of 8 end vehicles aaa miles | of popu-| 8llons 
2 square | area. | ° 1°2¢-| (exclud- | "®°- | of area. | lation. of eer 
joi i mile. ing MCs 
i motor 
cycles). 
468 1-89 | 15-48 27-2 3°71 715 | 15:27 4-4 
702 1-72 | 10:5 29-1 3:06 5:28 7:52 4-3 
197 1-85 5:6 21-9 1-23 2-26 | 11-49 5:5 
288 0:95 7-0 50:2 3:50 3°33 |) 11:57 9-3 
q . | 605 1-21 9-0 49-0 4:40 5:34 8°81 5:8 
Mee +s.» 2-1.) 301 1:26 3-0 60-1 1-79 2-26 6:25 | 14-9 
witzerland. . | 256 0-69 9-0 73:0 6:56 4-21 16-42 a 
‘ 9-7 13-4 1-29 1:06 | 28-92 2-2 
3:2 12.4 


nileages), are unknown? It would appear that the one unassailable 
lonclusion is that high speed causes more accidents than any other factor. 
Dn the other hand, a study of the Table leads to the following questions : 


(1) Why, in the more intensely-roaded and densely-trafficked countries, 
re road accidents less in proportion to the number of vehicles than in 
ountries with a less well-developed road system and with relatively low 
rehicle-densities 2 
_ (2) Why are the ratios of deaths from accidents in the United States 
nd Canada, with very similar road conditions, almost identical, although 
he density of traffic in the former is 3 times that in the latter ? 

(3) Why should Belgium be the most closely parallel country to 
Sreat Britain in many respects, save that the number of vehicles per 
nile of road is in the proportion 2 to 3 and the population density is as 
9 ne Why does there appear to be no proportion between accidents and 
population, and why does there appear to be a close relation with density 
of population ? 

__(5) Why do the accidents/population-density figures follow closely 
he figures of accidents/number of vehicles, and accidents/quantity of 
notor-fuel consumed ? : 

_ (6) Why, in countries with the most lightly-trafficked roads and the 
mallest number of vehicles, should the accident rate be higher than in 


‘ore densely-trafficked countries ? 


a 


ay 
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The total casualties in proportion to population is higher in Gres 
Britain than in any other important state in Europe, and it is according]; 
not inappropriate to stress the heavy responsibility which rests not onl: 
upon all road users, but also upon designers both of vehicles and ro 
to use every means in their power to reduce this heavy toll of life, injury, 
and financial loss. 


DEGREE OF RESPONSIBILITY OF THE RoaD ENGINEER. 


Dall gD = eae a4 


Before discussing the contribution of the road engineer towards road 
safety, it is desirable first to establish, if possible, the degree of respo: as 1 
bility attaching to that individual, so that his sphere of useful activity 
may be more clearly defined. 4 

Three important authoritative statements on the subject are availi 
able. The Report of the Ministry of Transport on fatal road accident 
in 1935 implies that in 3-4 per cent. only of such accidents are road con 
ditions responsible in a greater or less degree. The sole or main cause fo: 
the 6,337 fatal accidents in the year 1936-1937 was assigned to roac 
conditions in 1-2 per cent. of the total. On the other hand, it has bee 
stated in a Report published by the Oxfordshire County Council as a resul! 
of a special investigation spread over a period of 4 years into the circum, 
stances in which fatal accidents on country roads occurred, that roac 
defects were contributory to 76 per cent. of the accidents. Neit 
authority is unaware of the fact that in almost every accident other causes 
play their part; in evidence given on behalf of the Ministry before tha 


_ Allness Committee, it was affirmed that over 90 per cent. of accidents are 


due to human errors of judgement or thoughtlessness, and the County 
Surveyor of Oxford has stated that 99 per cent. of fatal accidents could be 
prevented by perfecting human road-sense and conduct. Nevertheles: 
where two authorities of such standing differ so widely there is obviously 
room for further investigation. The third authority is the Allness Report. 
which suggests that the true proportion lies in some intermediate position. 

The difference is partly due to the varying premises on whch 
respective conclusions are based. The Ministry’s statistics relate to acci- 
dents on all roads, whereas those of Oxfordshire relate to county roads 
only, most of these rural in character. Defects in a road are apparent 
upon examination by trained persons, but the Ministry’s data are suppliec 
by police officers, who are handicapped by lack of scientific mate 
and experience in dealing with this aspect of accidents. In Oxfordshire 
on the other hand, roads were regarded as defective in a major pe 
if, for instance, they did not possess dual carriageways, and in a mino 
degree if intersections and bends were dangerous. The Oxfordshir 
conclusions are based on figures of a low numerical order, and percentage: 
on such data are open to criticism in that the factor of chance plays t a1 
predominant a part. 
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Both sets of statistics are influenced by the elusive factor of human 
tror, which it is impossible to assess at its correct value. In all accidents 
here are at least two causes : namely, the action of a pedestrian or of the 
river or rider of a vehicle, or of both, and the condition and type of the 
oad. In the former the element of human error is paramount, and the 
oad engineer cannot control it. In the latter, certain defects are readily 
parent, but others require expert knowledge and examination for their 
liscovery. The engineer’s responsibility lies somewhere between the 
wo extremes quoted, but opinions vary as to the exact position. 


Vecessity for Careful Statistical Investigation. 


- Statistics must play an important part in the diagnosis of road ills, 
ind it is unsafe to base remedial measures upon statistics of fatal accidents 
lone, as it is often a matter of chance whether a casualty proves fatal. 
Phe difference between seriously or slightly injured is clearly defined, and 
6 would be better to adopt the combined numbers of seriously injured and 
atal cases as a basis. The numbers upon which percentages are based 
vould be larger under this system, and therefore less likely to be influenced 
yy chance factors. Moreover, in attributing causes to the accident, the 
riews of a witness would in most cases be available. 


The Oxfordshire Case. 


The percentage of road defects as the cause of accidents in Oxfordshire 
jas been widely quoted in a misleading manner, but even when the figures 
wre presented properly, as in the original Report, the utmost care should be 
saken not to attach greater importance to them than can reasonably be 
ustified. What conclusions can safely be drawn from this extremely 
nteresting Report? The case is, first of all, a special one, reflecting the 
ural, rather than the urban, side of the problem. In 1938, after certain 
remedial measures described in the Report had been taken, Oxfordshire 
till had a fatal-accident rate of 1 per 2,650 persons of the population, 
4s compared with 1 to 4,548 in Gloucestershire (a closely comparable 
sounty), 1 to 6,500 in Lancashire (an extensively industrialized area), 
ynd 1 to about 7,000 in Great Britain as a whole. If seriously injured 
are included, the proportions are 1 to 326, 1 to 401, 1 to 1,136, and 1 to 
1,780, respectively. In the former two counties the severe casualties 
m proportion to each mile of county and trunk roads were 1:52 and 2-57, 
and almost exactly in the proportion of 1 to 2 if related to the total mileage 
of roads. In proportion to the total population, severe casualties were in 


the ratio 3 to 4, but in proportion to population-density such casualties 


clusion based on the main detailed return, that those persons of the 
local population who ride bicycles or walk form the vast majority of the 
tims of serious accidents. The lesson for the road engineer of a rural 


t 2 


were precisely the same. In short, these general statistics bear out the is 


VY 
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Investigation of Degree of Danger. 
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county accordingly appears to be that he should concentrate upon meas ree 
for the safety of these two classes of road users rather than upon those fi 
through vehicular traffic. 


Roap CoNDITIONS. 


Classification of Types of Road. 
All roads can be classified as combinations of the following : 


(1) (a) Rural. 
(6) Urban. 

(2) (a) Main or trunk. 
(b) Local. 

(3) (a) New construction. 
(6) Improvements to existing roads. 


Each group requires different treatment. There are few differences of 
opinion, for example, upon the form of design of new roads, particularly) 
in rural areas, in order that maximum safety may be provided—fori 
example, suitable treatment of intersections, dual carriageways, super 
elevation and transition-curves, and visibility on bends and vertical curves. 
Similarly, in urban areas traffic-signals, pedestrian-crossings, subways) 
refuges, and guardrails are safety factors. In view of their high cost such: 
measures cannot be applied within a reasonable period to all existing roads. , 


limitations. 


The most dangerous roads should first be ascertained, and then, b 
investigation of the number of accidents per mile, the degree of danger 
per unit length assessed. It does not necessarily follow that the uni 
lengths with the largest number of accidents should be the first to be 
improved, because the danger in proportion to traffic volume set out, for 
example, in such terms as the number of accidents in proportion to 
1,000,000 vehicle-miles, is a more important consideration. This is the 
product of the length of any particularly dangerous section and the 
number of vehicles using it. Those roads which have the most dangerous 
design and layout may thus be recognized, together with those sections 
in urgent need of remedial measures. A detailed investigation should 
now take place in four well-defined stages : oa 

(1) An accident survey of the section, or, in the case of towns, of a 
particular area, 

(2) Location of points where accidents are actually occurring. 

(3) Diagnosis of the main causes by study of the details of such 
accidents. 


(4) Design of appropriate remedial measures. 
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Accident Maps. 


ie . : . . . " 
In such an investigation, accident maps will be useful in showing the 


ie obtaining over the area under review. Care must be taken not 
o draw general conclusions from too low a number of accidents or from 
00 short a period of time, or to interpret pedantically each item recorded. 
_ Such maps show that the number of accidents is highest in intensively- 
developed urban areas, and lowest in rural areas, but that the proportion 
of fatal or serious accidents is in inverse proportion. Is the incidence of 
speed responsible for this increased severity ? Accidents in urban areas 


of commerce here conflict with those of safety, and tend to hamper the 
efforts of road engineers and town-planners to remove the principal traffic 
streams from shopping centres. In considering remedies for dangerous 
sonditions revealed by these maps, is the road engineer, with a limited 
sum of money available, to concentrate on urban or on rural areas @ 
Should not the economist, grimly computing the respective economic 
loss to the community, supply the answer @ 


The Influence of Road Layout. 

Most accidents occur on straight roads and at intersections, in daylight 
and in clear-weather conditions. Inevitably the conclusion is reached 
that a higher speed than is safe, having regard to the conditions, is the 
principal cause of most accidents, particularly in rural areas. Roads 
with a three-lane carriageway are especially dangerous, and the appro- 
priate safety measure is to provide dual carriageways, by which head-on 
ollisions would be eliminated. In 1936-37 head-on collisions formed 
7-1 per cent. of fatal accidents, and 3-7 per cent. of all accidents. 

_ Continuous central reservations are usually impracticable in urban 
areas, but head-on collisions here are less than one-third of those in rural 
areas. Much the same result can, however, be achieved by the provision 
of a chain of central refuges. Two other groups of vehicular accidents, 
mamely, side-on and lateral collisions, should be materially reduced by the 
ovision of dual carriageways, and in 1935 these accidents formed a further 
19-9 per cent. of the total. 

_ The density of the British road system probably produces more inter- 
sections on main roads than in any other country, and in 1936-37 accidents 
at these points accounted for 22-7 per cent. of the total in rural areas and 
46-7 per cent. in urban areas. The reduction of such accidents is more 
difficult than the reduction of those of the preceding type, but there are 
various methods of traffic control in everyday use which, in most instances, 
sduce accidents. The simplest is the “ HALT ” sign on the minor road, 


nd, particularly in r 
allation of light-sign 


rim ary purpose is, by the orderly control of traffic, to reduce delays to 


are at their maximum in shopping areas on main traffic routes ; the interests - 


\ 


ural areas, this has proved most efficacious. The in- ~ 
als is often regarded as a safety measure, but their. 


RE 


‘Segregation of Traffic. 


areas to a minimum by the alteration of existing conditions to the standards | 


_alternative route should also be subjected to a speed-limit, if necessary 
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vehicles, and not accidents, which are reduced in less degree by this means ' 
than by any other. Traffic signals should seldom be applied to intersectio BS 
on main roads in rural areas where speeds are high. The provision of refuges § 
in urban areas shows a valuable return in added safety. Finally, round: - 
abouts show, in many cases, a considerable increase in safety, althougl t 
at greater cost. No figures are available for flyover intersections, but, , 
if these are properly designed, they should effect a reduction of nearly’ 
100 per cent. in the number of accidents. 


There is little doubt that the mixed nature of traffic is largely responsible } 
for many accidents. To take an extreme case, cattle may be driven along 
a major high-speed road or a city street. Pedestrians and cyclists form 
62-1 per cent. of the total casualties, and, after drivers and passengers | 
in vehicles, they form the major sub-group of road users. Segregation of | 
pedal-cycles is usually impracticable in urban areas, where such machines 
are involved in 31-2 per cent. of the total number of vehicular acciden 
but it is usually possible (although at considerable cost) in rural area 
where they figure in only 24-7 per cent. of the accidents. The percentage of 
pedestrian casualties is 39-9 per cent. and 13 per cent. respectively, although - 
segregation in urban areas is almost universal and by no means exceptional 
in rural areas. In the latter it could be provided in suitable form o 
existing roads at relatively small cost, and its value is considerable. 

It would no doubt be possible to reduce accidents on all roads in rural _ 


laid down in the Ministry’s Circular No. 482, but the cost, if such remodel- 
ling were to be executed within a limited period, would be prohibitive. 
Any funds available must be expended to the best advantage, and it is _ 
suggested that in any new road (for example, a by-pass), no provision 
should be made for pedestrians, cyclists, or horse-drawn vehicles, and tha 
the road be prohibited by law to such types of traffic. Usually the 
cost of such a road is borne in whole or mainly by national funds ta 
which these classes of road users have not contributed. Any alternative 
or older route should, of course, be available for these classes, but through 
motor-traffic should be prohibited by law if the enforcement of such law 
were practicable, or failing this, should be strongly discouraged. The 


by legislation. For these restrictions there are precedents ; for example 
motor-vehicles and cyclists are not allowed to travel on footpaths, the 
central reservation on dual-carriageway roads has been prohibited to 
pedestrians except at certain specified points, and soon. Where adequate 
cycle-tracks or footways are provided, the use of the vehicular carriageway 
by a cyclist or a pedestrian, except at recognized crossing-places, should 
be an offence ; and if either were the victim, away from such crossings, 
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of an accident in which a motor-vehicle were involved, the driver of the 
latter should not be held responsible. 

Unless such restrictions are enforced, an all-purpose road of great 
width and consequent high cost must be constructed. In order to provide 
segregation and a degree of safety at intersections similar to that obtaining 
along the road proper, costly engineering structures would be necessary 
‘and would be of such bewildering complexity that their object would 
probably be defeated. Intersections, which cater for mechanically- 
propelled vehicles only, could, on the other hand, be both relatively 
‘simple and almost accident-proof at reasonable cost. 


“Special Motor-Roads. 


_ From segregation of different classes of traffic in any of its various 
degrees to the subject of special motor-roads is but a short step. It is 
noteworthy that in Germany, Holland, Belgium, and, to a lesser extent, 
‘France, the principle of special roads for mechanically-propelled vehicles 
has been accepted. Why has Great Britain, with its far higher traffic- 
| density, not followed this example? Is it conservatism, or are there 
adequate reasons against such a proposal ? 
The advantages claimed for such special roads are briefly : 


(i) A high standard of safety. 
(ii) A saving of time in transit. 
(iii) An economy in fuel-consumption. 
(iv) Subject to the use of engines and lubrication systems suitable for 
continuous running at high speeds, a reduction of wear and tear of vehicles. 


All these represent a permanent economic gain to the community 
“which must be set off against the sinking-fund charges of construction costs. 
Opponents to motor-roads in Great Britain adduce the following dis- 
advantages, and to each it is suggested that there is a sound and con- 


structive reply : 


(1) Loss of agricultural area and high cost of land acquisition. Great 
Britain is, however, densely roaded, and many minor roads could be 
closed in compensation. In any event, the number of special roads in a 
compact country need not be large, and their widths could be considerably 
Jess than those of the all-purpose roads recommended by the Ministry. 
The combined effect of these factors would probably make special roads 
little more costly than the present piecemeal system of improvement, 
and might even lead to more land being rendered available for agriculture. 
(2) Through traffic is said to form a small proportion of the whole, and 
* special motor-roads are therefore unnecessary. To form a judgement 

‘here it would be necessary to assess the relative economic importance of the 


= groups of traffic (through and local), and there is little doubt that the 
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former would gain in value. In any case, special roads would naturall 
either pass through or near large centres of population and industry, an 
short feeders would meet the needs of both classes of traffic. In German: 
65 per cent. of the traffic was diverted to special motor-roads in the period 
1935-37, with advantages to the older road system. . 
(3) The construction of such roads would no doubt lead to an increase 
in the volume of through traffic, particularly in the heavy-commercial- 
vehicle group, and it is argued that when such increased traffic uses streets 
in urban areas the accident rate therein will also increase. Accidents — 
in urban areas do not, however, necessarily increase as the result of addi- 
tional traffic, and in any event, accidents on the special roads would be 
considerably reduced. 
No exact parallel can be drawn between any two countries, but it is 
noteworthy that in Germany it is claimed that, in spite of an increase of _ 
32 per cent. in the number of motor-vehicles in the period 1935-37, the _ 
number of fatal casualties on all roads was reduced by 34 per cent., largely 
as the result of the construction of the motor-roads ; and further, that the 
number of accidents per 1,000,000 motor-vehicle-kilometres on the motor- _ 
roads during the same period was only 17 per cent. of those on the older 
main roads. As an important contributory factor in the promotion of 
road safety there is a clear case for motor-roads, but their precise effect 
upon safety in urban areas needs careful investigation. The proposal 
made by various authorities, including the Allness Report, for an experi- 
mental road of this class to be constructed as soon as possible and for 
its lessons to be carefully studied, seems excellent, and should prove accept- 
able to both schools of thought. 


GENERAL MEASURES FOR INCREASED Sarety in Roap DgEsIen. 


Numerous and varied proposals for road improvement in both rural 
and urban areas are summarized in the Allness Report, and few will 
disagree with the majority of the recommendations. Most are familiar to 
all road engineers, but with a few of the proposals disagreement will pro- 
_ bably be expressed by many. The proposal to control certain pedestrian- 
crossings by light signals would probably increase danger, particularly 
in rural areas. A minimum road-width of 300 feet seems extravagant. 
This great width is designed to prevent or to control development of front- 
_ages, but it would seem much simpler, safer, and probably less costly 
to adopt the Ministry’s 120 feet to cover possible future developments, 
and by fresh legislation to prohibit all access to main roads except at 
certain specified points, as far apart as possible. In regard to road widths, 
it should be borne in mind that a dual-carriageway road with two lanes 
in each direction will, if unobstructed, carry without delay or congestion 
a very heavy volume of traffic, and that the nature of intersections is the 
limiting factor to the capacity of such roads. The addition of a fresh 
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sign, in the form of a green line, to warn drivers that they are to be warned 
again a few moments later, would simply lead to irritation, and in any case 
would not be sufficiently visible. 


ConcLUSION. 


While recognizing that the human element may be the most important 
factor in any road accident, the engineer should bear in mind that road 
conditions are frequently contributory. Although the road engineer's 
‘responsibility is impossible to define, it exists nevertheless, and should 
not be shirked. There is obviously wide scope for further investigation 
into the causes of accidents, and for detailed analysis of existing statistics. 
“Such investigation would probably throw valuable light upon the relative 
effects of various types of improvements in urban and rural areas, and. the 
“priority which should be given to them. The road engineer’s part in the 
_ promotion of safety is important, and his efforts to reduce the toll of human 
life and suffering are as important, in his particular sphere, as are those of 
the medical expert in the cure of disease and the elimination of its causes. 


tly; 


_ attempt to proportion blame and should endeavour to do their best 


278 DISCUSSION ON THE ENGINEER'S PART 


Discussion. 


The Chairman said that it was some time since a meeting of the Road 
Engineering Section had been held. The Inaugural Meeting took place in 
February, 1939, and it was interesting to note that up to the outbreak of 
war about two thousand members of The Institution, of all grades, had 
signified their intention of being attached to the Section. That showed 
that its formation had been fully justified. . 

The Paper for discussion on the present occasion had been written by 
Captain Rayfield before the outbreak of war, it being one of four Papers 
chosen for presentation at the meetings of the Section which it had been 
hoped to hold during the winter months. He supposed it was fair to say 
that if the Author, who was on active service, had prepared his Paper 
after the outbreak of war he would have written it from a rather different 
angle and would have given special consideration to the circumstances 
which now obtained. Nevertheless it was a useful Paper, and merited full 
discussion. 

The Chairman then called upon Mr. Clayton, a colleague of Captain 
Rayfield, to present the Paper. ; 

Mr. A. J. H. Clayton, speaking for the Author, referred to Table I 
(p. 269), and observed that it might be an advantage if the various factors 
stated therein could be correlated on a scientific statistical basis, in order 
to ascertain whether there was any closer connexion between one factor 
and the accidents than between another factor and the accidents. 

With regard to the question of the degree of responsibility for accidents, 
the Author had put forward the suggestion that the cause of accidents in 
nearly all cases was a combination of the human element and the environ- © 
ment, the environment being in most cases the road. To endeavour to 
put the blame on the road or the driver of the vehicle, or any single factor, 
was probably misleading, and might explain the difference which the 
Author pointed out between various interpretations of the degree of 
responsibility. He thought that road engineers should abandon any 


to remove the causes of accidents, while other people devoted their 
attention to other aspects of the question, such as publicity, making people 
conscious that they were liable to accidents, and, on the legal side, 
prohibiting actions which were likely to cause accidents. 

Mr. Clayton thought that the paragraph headed “ Investigation of 
Degree of Danger ” (p. 272) might require some clarification, and no doubt 
the ensuing discussion would if that were so. He would like to draw 
attention to the importance of not missing item (3)—the diagnosis of 
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the main causes of accidents by studying the details of such accidents— 
in that paragraph, which was the most difficult item, but, he suggested, also 
the most important. The most obvious way to try to reduce the number 
of accidents was first to find the place where accidents occurred most 
frequently, and then to consider what precautions might be taken to 
prevent general accidents and to take those precautions; omitting the 
essential item (3), however, might mean tackling dangers which did not 
exist. He suggested that it was important, not only in war-time but also 
in peace-time, to concentrate very largely on making the best improve- 
ments possible to existing roads in dealing with the accident problem, 
because obviously it was not possible to provide the whole of the 180,000 
“miles of roads in Great Britain with dual carriageways, cycle-tracks, foot- 
‘paths, subways, and similar modern safety measures. 
Mr. H. Alker Tripp, in opening the discussion, said that to him, as 
Assistant Commissioner of Police in charge of the circulation of traffic in 
‘London, the subject of the Paper was one of very great interest. The 
engineer made the roads and then left to the police the responsibility of 
_ keeping the traffic on the move and of regulating it. At the same time Mr. 
| Tripp believed that by far the most effective forms of traffic control were 
by road layout and mechanical appliances, both of which came within the 
province of the engineer. He was convinced, in fact, that it was with the 
engineer that the future of traffic-control lay. 

It was only within the present century that the engineer had invaded 
‘the sphere of traffic-control. He had come in, rather like the white 
colonist in aboriginal territory, with his foot-rule and his technique, to 
parcel out a domain that for centuries had belonged to the police. 

The Author had brought up again the controversy between the Oxford- 
‘shire surveyor and the Ministry of Transport. If the two parties, the 
Oxfordshire surveyor and the Ministry of Transport, would properly 
define their premises they would find themselves in complete agreement on 
the fact that in more than 90 per cent. of the cases where road casualties 

had occurred, sufficient care had not been taken by the road users, and 
that in more than 90 per cent. of the cases the road layout was not so 
good as it might, ideally, have been. He was sure the matter might 
very well be allowed to die out as a controversy ; the parties were in 
_ agreement and he wished success to both of them, as they were both 
_ pursuing the same desirable end. Little controversies of the kind in 
" question were of no importance whatever in comparison with the subject 
_ of the Paper. ; 
_ The Author had asked what was the degree of responsibility of the 
‘road engineer in regard to road safety ; that was a very vital question. 
There was one thing for which the road engineer was not responsible. The 
- fact that the amount of money at his disposal never had been, and was 
oe now less than ever, adequate for the task in hand was no fault of his, — 
but the very fact of that tightness of money increased his responsibility 


hho 


_ The Author had said that the segregation of pedestrians in urban areas | 


_ by chalking a line between them; he would not achieve much success 
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greatly. He had to spend every farthing to the best advantage and had 
to spend it in the light of the best possible data and advice. His initial 
responsibility was to get his perspective correct, and that was not always — 
easy. The engineer was beset by temptations. The good engineer was — 
bound to have the soul of an artist and he hungered for a clean-cut job—_ 
a new road, for instance, with lines as sweet and efficient as the lines of the 
hull of a clipper. That was what appealed to the engineer, but unfortun-__ 
ately it often happened that, instead of being able to deal with matters on j 
those lines, he had to go on tinkering with, and adapting, things that he” 
would far rather destroy. 

Mr. Tripp thought it was possible to find one sure and certain approach 
to the joint problem of the engineer and the police. The Author had 
mildly said that accident maps would be useful, but he would like to be _ 
very much more emphatic and to say that they were indispensable. 
Accident maps had been compiled at Scotland Yard for nearly 40 years 
and everything possible had been done to squeeze every scrap of informa- 
tion from them. They were of supreme value. Too much reliance could, _ 
however, be placed upon the fatality map, and that was, he thought, a — 
danger at times. When an accident occurred, it was largely a matter of — 
luck whether it resulted in a fatal or a serious injury, a comparatively 
slight injury, or no injury at all, and it was undesirable to concentrate too _ 
much upon the mere locus of the fatality. The total of fatalities was the 
only really true index to the rise or fall of casualties, but he did not think _ 
that the incidence of fatalities gave any real clue as to where road improve- 
ments were required. Casualties of all classes had to be taken into account, _ 
and the true indication was a continuous grouping of flags at any one spot | 
on the accident map; the use of coded flags soon enabled details to be _ 
obtained. 

In London the chief problem was that of pedestrians and pedal-cyclists: 
60 per cent. of the fatalities and 40 per cent. of the injuries occurred to 
pedestrians, whilst 20 per cent. of the fatalities and 30 per cent. of the ) 
injuries occurred to cyclists, so that the two combined formed three- 
quarters of the total casualties. The cure in both cases was segregation. 


was almost universal, referring, no doubt, to the mere provision of a 
sidewalk. That, Mr. Tripp submitted, was no segregation, and he sug- _ 
gested that the Author might try to segregate fat cattle from beasts of prey _ 


with such segregation. Real segregation had to be by means of barricades _ 
or separation of levels. There could be place-segregation or time-segrega- _ 
tion. His own views on that subject were well known, but were too 
comprehensive to elaborate at the time. He suggested, however, that 
time-segregation was the type of segregation that gave the largest return 
for a limited outlay of money, and that it was the key to the solution of 
the pedestrian problem in towns. 
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ae Lhe pedal-cyclist presented a far more intractable problem at cross- 
Toads in town and country alike. Mr. Tripp asked the engineers present 
who designed roads to help the cause of safety in the future by not designing 
new roads on a large scale to accommodate motor, pedestrian, and cycle 
traffic, unless those roads had no cross-roads whatever. Segregation was 
essential to safety on such roads, particularly at cross-roads, and there the 
expense was prohibitive. In a recent Paper! it had been shown that 
segregation, where there were the three types of traffic on the same road, 
‘cost £80,000 at every cross-road. That was Tuinous, and it could not be 
done. Therefore, from the point of view of safety, new roads should ‘be 
‘motor-roads, in order to draw that lethal traffic away from the pedestrian 
‘and pedal-cyclist traffic and to let it run at high speeds where it could do 
no harm to anyone or anything but itself. 
He hoped it would not be thought that in the remarks he had made he 
had been trenching upon the preserves of the road engineer. He would 
‘repeat that men of his profession had been in the field long before road 
engineers. For many years those engineers had provided only roads that 
were too narrow and had an undue camber, and it was only within the 
present century that they had helped in the control of traffic by means of 
road layout. He thought they were making up now for lost time, and 
‘that the results were very promising indeed ; but, although the future 
might lie with them, they could not carry on alone. The whole of the 
intelligence system upon which they depended for their knowledge of 
casualties was in the hands of the police and would probably continue to 
‘be in their hands for many years to come, as would be also the regulation 
of traffic. The more efficient road engineers became, the less necessary 
would be traffic police. 
Mr, A. J. Lyddon referred to the Author’s six questions (p. 269) which 
arose from a study of Table I, and which required cogent replies. Much 
as he respected statistics, he would suggest that the Table was not of very 
great value, because the conditions varied so widely. It was very difficult 
to suggest a reason why the accident statistics in the county of Warwick- 
shire, for instance, differed so widely from those for the same period in the 
adjoining county of Leicestershire, It showed that statistics in them- 
selves, whilst they might suggest interesting questions, did not necessarily 
Jead'to conclusions which would be helpful in reducing the accident rate 
“on the roads. 
With reference to the Author’s statement (p. 268) that “ the number of 
potential skidding accidents has increased 50 per cent.”’, what was meant 
by “ potential skidding accidents ” ¢ 

The Author had referred to the necessity for careful statistical investiga- 
tion, and had rightly indicated how unsafe it was to base remedial measures" 
By! 


1 A. J. Lyddon, ‘‘ Road Junction Design in Relation to Safety.” National Safety 
ss, 1939. z Fa 
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upon statistics of fatal accidents alone. In the presence of Mr. Tripp, Mr, 
Lyddon would like to say something about the basis upon which police 
reports of accidents were framed. It had always to be remembered that ‘ 
they were essentially ex parte statements, and should be treated as suc | 
He thought it might be helpful to accident investigation if the aid of the © 
unfortunate participants in the accidents could be solicited. When a 
policeman was called to an accident Mr. Lyddon felt that the participants 
in it had a fear as to what the consequences would be; but he thought — 
that if the Automobile Association could solicit the aid of members who 
were participants in an accident, by sending them some form of question= 
naire, wherein they could give an idea as to how a repetition of the 
value to other road users, it might open up a field that would be distinctly 

helpful, in addition to the official police report. t 

It was essential to have an accident survey on a road as distinct from 
an area. People talked a little lightly of having an investigation over an — 
area, but he urged the importance of the investigation being over a road, 
and perhaps it should begin on a road which had a high accident-record. _ 

He was inclined to join issue with the Author in his statement (p. 273) 
that “Roads with a three-lane carriageway are especially dangerous.” 
It was true of some such roads, but not of allof them. It was necessary to 
investigate the problem that arose when the degree of traffic on a three-lane 
carriageway reached saturation-point, or the point at which the road 
became dangerous, but there were many miles of three-lane carriageways 
on which the traffic had not reached such a point and on which it could 
proceed with safety. : i 

The Author asserted that much the same result could be achieved by | 
the provision of a chain of central refuges as was achieved by the provision t 
of continuous central reservations. He would suggest that a chain of — 
central refuges was a poor substitute for complete segregation, and it might 
well be a potential source of accidents by allowing drivers to cut in or te 
pass on the wrong side of the road. In some cases it was considered — 
desirable, if the only possibility of segregation was by a chain of central _ 
refuges, to have an order for one-way traffic and to make the refuges sc 
close together that they virtually formed a complete reservation. 

In dealing with special motor-roads, the Author thought that one of the 
alleged disadvantages of motor-roads was “ Loss of agricultural area and | 
high cost of land acquisition’, but that did not seem.to agree with actual | 
experience in the construction of the new roads. Indeed, the cost of 
land acquisition represented a very small percentage of the total cost 
The Author also thought that ‘many minor roads could be closed in_ 
compensation ”’, but Mr. Lyddon feared that endeavours to close existing _ 
highways did not usually meet with either favour or success, and ve y 
little compensation was likely to arise from such a proceeding. 

Automatic traffic-signals were not intended for accident prevention | 
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but for traffic-control. Some local authorities thought that automatic 
traffic-signals were instituted primarily for accident prevention. 
_ In the section of the Paper dealing with special motor-roads, the 
Author asked why Great Britain, with its far higher traffic-density, had not 
followed the example of Germany and other countries in accepting the 
principle of special roads for mechanically-propelled vehicles. Mr. Tripp 
had made a brief reference to such roads, and Mr. Lyddon thought that he 
himself was responsible for the estimate which Mr. Tripp had quoted with 
wegard to the cost of fly-overs at particular road junctions. He would 
answer the Author's question by asking another one ; Could the cost of a 
one-purpose road in the heavily-populated areas of Great Britain, where all 
industries were not necessarily confined to certain areas, be justified ? If 
@ comparison were made with countries like Germany and France, 
particularly in the industrial areas, it would be found that most of the 
large centres of population in those countries were in what were termed, 
in Great Britain, county boroughs, but in the industrial area of Lancashire, 
for example, the population was not confined to county boroughs: there 
were fringes of population of 10,000 or 20,000, all connected in a stream 
from north to south and from east to west; and to some extent that was a 
factor in planning a new road system in any part of the country. Lanca- 
shire was a case in point, where merely connecting the county boroughs 
of Warrington, Wigan, Preston, and Lancaster, for instance, was not a 
difficult problem ; but there were small populous areas intervening which 
had to be connected in some way, and that in itself, he suggested, was a 
factor which had to be borne in mind in planning any new road system 
or any new road, whether it was to be a motor-road or an all-purpose road. 
The Author had suggested that such areas might be connected with feeders, 
but he went on to say that they might be constructed through or near 
large centres of population; when, however, those centres of population 
were unconnected to new roads, the problem became much less easy than. 
it was in countries like Germany and France, where many miles of motor- 
roads had been laid down. ; 
_ Mr. Edward Fryer thought that everyone present would agree with 
the last sentence in the Paper : “ The road éngineer’s part in the promotion 
of safety is important, and his efforts to reduce the toll of human life and 
suffering are as important, in his particular sphere, as are those of the 
‘medical expert in the cure of disease and the elimination of its causes.” 
Table I (p. 269) was, he thought, very useful. It had been said during 
‘the course of the discussion that it was difficult to draw conclusions from 
such a Table, and he suggested that there should be another column, deal- 
‘ing with the number of motor-vehicles per 100 or per 1,000 of the population 
in the different countries referred to in the Table. In addition to that, 
with regard to Holland, Belgium, and the United States, he would like 
the number of cycles to be given. 
3 Speaking as an official of the Automobile Association and-as a repre- 
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he did not see a single vehicle parked on the carriageway, all vehicles being 


_ from those in the United States and Canada. The Author asked the 
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sentative of the motoring community, Mr. Fryer did not think that there : 
was any need to have a questionnaire sent to the members of that Associa- - 
tion with regard to certain matters, as Mr. Lyddon had suggested. The 
motorist provided money by the taxation of vehicles and the taxation 01 
petrol, and also by the payment of fines, which amounted to a considerable © 
sum and also went into the central fund; motorists, therefore, ought to— 
have a voice in road matters. Many of them had given valuable evidence 
before the Allness Committee. The facts were fairly clear, but those who 
had given evidence expressed different interpretations of them and did 
not all arrive at the same conclusions, so that the Committee was bound to 
have had a difficult task in preparing its Report. 
In Table I the deaths per 1,000,000 gallons of motor-fuel were given as 
4-4 in Great Britain, 4-3 in Belgium, 2-2 in the United States, and 2°2 in | 
Canada. Most of the motor-vehicles in the United States and in Canada 
were of a higher horse-power than the motor-vehicles in Great Britain ; 
their taxation was on a different basis and their fuel-consumption was also — 
very different from that in Great Britain. 
He did not agree with the Author’s statement, with reference to the 
conclusions (p. 269) to be drawn from Table I, that “‘ It would appear that _ 
the one unassailable conclusion is that high speed causes more accident: 
than any other factor.” ‘ig 
He did not see any reference in the Paper to trunk roads or to the Trunk 
Roads Act. He had attended numerous inquiries under the Trunk Roads” 
Act to investigate the question of the segregation of traffic and th 
provision of sufficient width of road for continuous lay-bys as advocated 
at the International Road Congress held at the Hague in June, 1938, and 
unanimously approved by the representatives attending that Congress. 
At the inquiries many matters coming within the Trunk Roads Act ha 
been dealt with, and it had been stated in public by representatives of th 
Ministry of Transport that the modern trunk road was designed for speeds” 
of 70-75 miles per hour. In the United States the speed on most of the 
open roads was limited to 55 miles per hour. He had been driven over one 
such road, covering 55 miles in exactly 60 minutes, and during that journey 


parked on the central reserve. The car was held up only once by a vehicle 
on the road, and there was only one cross-road on the 55 miles of road that _ 
he had traversed. The conditions in Great Britain were totally different 


following question: “‘ Why are the ratios of deaths from accidents in the 
United States and Canada, with very similar road conditions, almost 

identical, although the density of traffic in the former is 3 times that in the — 
latter ?”” Mr. Fryer did not think that that was very surprising, because 
in Canada the climatic conditions were such that for a very long period 
of the year there was practically no movement by road outside the towns. 
In the United States the movement in and around the large cities was be 


he 
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lesigned, from the point of view of construction of the roads, than in any 
other country in the world. Taking one of the principal roads on Man- 
hattan Island, there was absolute sterilization of the land so far as building 
was concerned, and there was a certain area of park land, giving separation 
and one-way traffic. The gross width between the buildings and the river 
was 900 feet, and the difference in level between the one-way high-speed 
oad near the water-level and the road in front of the river-front buildings 
was about 80 feet. There was nothing of that type in Great Britain, It 
was important to take a wide view with regard to sterilizing land for future 
developments. He thought that the Bressey Report showed that in Great 


wider view had been taken in the past. 

_ He was rather disappointed to see that in the section of the Paper 
dealing with road layout there was no reference to lay-bys or to curbs, 
Many motorists, highway engineers, and police officials of the country 
objected to high curbs close to the edge of the carriageway. He thought 
he design in Holland was certainly the best in Europe, and probably the 
est in the world. He had recently been driving on one of the trunk roads 
mn England, on which there were hotels, inns, garages, and so on, and, in 
every case where the premises necessitated the drawing-up of vehicles, 
nstead of a raised curb three lines of setts had been laid between the 
arriageway and the footway. He hoped that something of that kind 
would be developed generally in Great Britain. 

With regard to segregation of traffic, the Paper did not discuss one-way 
raffic very thoroughly. Mr. Tripp had referred to it, and had said that 
the surveyor and the engineer dealt with the design of the roads, whilst 
the police had to enforce the trafic laws. In that connexion he considered 
that a great deal could be done in controlling traffic by securing the good- 
will of the road user. He remembered having something to do with 
one-way traffic in connexion with the Derby race-meetings at Epsom ; 
she plan had been tried out in 1921 and had been in operation every year 
since then. Neither the Ministry of Transport nor the highway authorities 
had had anything to do with that; it had been carried through entirely 
by the police, under the wide powers of the Metropolitan Police Act, with 
a certain degree of co-operation by the motoring organizations. 

The Author had said in his Paper: ‘Segregation of pedal-cycles is 
isually impracticable in urban areas.” If that meant built-up areas, he 
yuld give an illustration a few miles out of London where a big scheme had 
been carried through by two county councils. There was what he called 
waste land many feet wide which could very easily be used for traffic 
purposes and safety purposes. At the present time there was a good foot- 
sath on one side and a 30-foot carriageway, then a curb, then about 18 


about 23 feet of grass, on which children sometimes played, then another 
low rail and another footpath, and then the houses. Very few pedestrians 


feet of semi-paved footpath, then a low iron rail about 18 inches high, then 


Britain a great deal more had to be paid than would have been the case if | 
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used the road, but a great many cyclists did. Without any more land being © 
acquired, but by the footpath being made a little farther back, there would © 
be room for a grass verge and a cycle-track, and for widening the road, 
That would certainly cost money. It was not part of the design when the 
scheme was put forward for improvement purposes ; the matter was not 
consideréd in the broad way in which it would be considered to-day. The | 
road was in a built-up area and, as a matter of fact, part of it was within 
the area of an urban district council. There were many places, not only 
in London but also around the big cities and towns, where land was — 
available, and, in Mr. Fryer’s opinion, it was not being properly used. 
He thought some explanation was needed of the following phrase i 
the Paper: “the central reservation on dual-carriageway roads has been 
prohibited to pedestrians except at certain specified points.” He would 
like to ask where and how that was done. He believed that under the 
present law the pedestrian and the horse had a perfect right to use any 
portion of the King’s highway, although driving on the pavement was 
prohibited. a 
With regard to special motor-roads, he did not accept the figures given 
by the Author with regard to Germany; he thought that they had been sup= 
plied to the German Road Delegation and were not based upon anyscientifi¢ — 
investigation. The Author said that “in Germany, Holland, Belgium, | 
and, to a lesser extent, France, the principle of special roads for mechanic= _ 
ally-propelled vehicles has been accepted ”’, but. did not refer to the United 
States in that connexion. In Mr. Fryer’s opinion, the roads in Holland 
with segregation were better than any in Europe. As to the motor-roads 
around New York, there were no cyclists, pedestrians, or commercial 
vehicles on them; in other words, practically all of those roads were foi 
the private motor-car and the hired car. It had to be remembered that in 
America, generally, there were practically no cyclists, and the number of 
cars owned per head of the population, which was not shown in the Paper, — 
was the greatest in the world. When the roads were being laid out for 
the World’s Fair in New York, the men working on those roads came t¢ 
work by car, and they parked their cars, not on the carriageway, but on 
the central reserve. 
The Author approved of the suggestion that an experimental motor- 
road should be made in Great Britain, and personally he would like to : 
suggest that it should be made, as in the United States, in the place where 


it would be most useful from the traffic point of view. He could think of 


no better situation for an experimental motor-road than from the souther 
end of the Maidstone by-pass to the northern end of the proposed Luton 
bypass ; that would probably be one of the most important traffic routes 
in Great Britain. It would not follow the old Roman road, but the line of 
traffic there would be the same for all time, so far as could be seen, owing 
to the situation of the industrial areas, and so forth. { 
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oad-width of 300 feet seems extravagant.” He remembered represent- 
ng the Automobile Association at what was probably the most important 
raffic inquiry in the country, where certain figures were put in showing that 
what might be termed the Ministry standard width was not nearly sufficient 
or the carrying capacity of the combined roads, unless time-segregation 
was adopted and certain vehicles were allowed to use the road only at 
ertain hours of the day or night. 

_ There was little said in the Paper, so far as he could see, with reference 
o skidding, and there was nothing said with regard to carriageway sur- 
aces. Many complaints had been made about wood blocks, and during 
she recent heavy falls of snow there had been many accidents due to 
skidding on wood blocks. Mr, Fryer had recently had an extraordinary 
experience on a newly-opened by-pass which had a concrete surface that 
ooked excellent; he had obtained the impression that one of his tires 
was flat, but, on getting out of his car, he had found that all were sound. 
he impression was due to the surface of the road. The Automobile 
Association had advocated for many years that there should be, as far 
as possible, continuous surfaces of a similar texture, which would be lighter 
ather than darker when they were wet. 

Dr. W. H. Glanville said that the impression left with him after reading 
he Paper was that the Author felt throughout that he was dealing with 
2 vast and complex problem, at a stage when its solution was so far away 
as to make it possible to do little more than indicate the pressing need 
‘or new lines of attack. The words “.. . its solution, so urgently 
needed, . . .” in the opening paragraph, the unanswered questions on 
. 269, and the statement ‘‘ There is obviously wide scope for further 
avestigation . . .”’ in the conclusion, all helped to give that impression. 
That was, in fact, the only impression that could be left by a truly unbiased 
onsideration of the problem. He was convinced that, to the road — 
engineer, the problem of road safety was the most important of all his 
problems, and, as such, it deserved the greatest measure of attention that 
could be given to it. In the Allness Report the need for scientific research 
into the problem of road safety was mentioned, he thought, in ten or a 
dozen places, and it had been somewhat of a surprise to him to notice that, 
n all the technical reviews that had appeared since that Report was 
published, and in practically all the discussions that had taken place, 
including the discussion on the present occasion, the question of scientific 
research into the problem had not received adequate attention. The 
Author really had not mentioned it at all in his Paper. He thought that 
mew approaches to the subject had to be sought. Within recent years all 
engineers had seen the benefits of scientific approach and scientific research 
in many different fields of engineering work, and it was quite unnecessary 
or him to give any examples. He, himself, felt that the road engineer ~~ 
was not so research-conscious as he should be, probably largely because his 

-oblems were of a very special nature ; for if a road engineer put down an 
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experimental road, the results were not seen for many years, as they ' 
depended upon time and weather, and the road engineer therefore lost a 
certain amount of interest in the experiment. That was one of the funda- 
mental difficulties in road research. It seemed to him that, in exam ini ng | 
road safety, the problem was rather similar, because the investigation 
depended very largely upon accident statistics, and, as such statistics were 
slow to accrue, the conclusions were bound to be arrived at slowly. Asa: 
result of that slowness in obtaining results, the road engineer had been . 
forced, he felt, to adopt ad hoc methods of improving roads; he had not } 
had an opportunity of examining in a scientific way the various factors _ 
which made for safety. Dr. Glanville suggested that some attempt shoul 
be made to review matters and to examine the extent to which scientifi¢ © 
research on a suitably comprehensive scale could help towards the solution 
which all road engineers felt was so important. Road engineers had very — 
wide and extensive problems that he felt could, and should, be tackled ; 
on a much greater scale. After the publication of the Allness Report he 
had tried to review the factors involved in any such scientific attack, and 
he had set out those factors in Fig. 1. Fig. 1 also showed the way in which 
the various factors were inter-related from the point of view of economy 
and safety. Some were concerned solely with safety, some were concerned — 
with safety and economy, and some were concerned only with economy, - 
It would be seen that all the problems were very closely related. 

The Author had referred in his Paper to the need for care to ensure that 
an adequate number of accidents was takenfrom which to draw conclusions, 
and had suggested, as had some of the speakers in the discussion, that 
conclusions should be drawn not only from fatal accidents but also from 


statistically-valid results it was sometimes advantageous to go farther thar 
that and to examine cases of damage, in addition to those of injury 
and death. Figs. 2 (p. 290) illustrated the effectiveness of a particular, 
surface-treatment which had been under review. In Fig. 2 (a), the 
accidents were shown as small circles ; they included all the fatal, injury, 
and damage accidents during one period in one year. In Fig. 2(b) the 
hatched portion denoted the area that had been surface-treated, and 
it would be noticed that, with the exception of three small circles at the 
end of the length treated, no further accidents had occurred, whilst on 
other sections of the road, which had not been surface-treated, the acci- 


When the fatal accidents were taken alone and the injury accidents were 
taken alone it was impossible to draw any conclusions from so few cases ;_ 
but, taking the fatal, injury, and damage accidents together, it was quite 
evident that the surface-treatment of the road had made an extraordinary 
difference. In fact, the number of accidents had been reduced by 91 per 
cent., which percentage was, incidentally, higher than the percentage of 
accidents originally attributed to skidding. 
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The treatment of the road surface in the case in question was such as te 
increase the resistance to skidding at low speeds of the order of from 
5 to 10 miles an hour, but it did not increase the resistance to skidding at 
higher speeds of up to 30 miles an hour; yet the treatment had been — 
sufficient practically to eliminate accidents on the length of road treated. 

It was also of interest to note that the results had been obtained from 
the examination of existing statistics. Some search had had to be made 
to obtain those statistics, and that search had been undertaken by Mr. 
Tripp. The Author, in his conclusion, rightly stressed the fact that from | 
existing statistics, if they could be searched, a great deal of valuable | 
information could be obtained. 


Figs. 2. 
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Dr. Glanville suggested that the limit of usefulness of statistical 
investigation would not be reached even by the inclusion of damage- 
accidents. One of the problems for research should be the relation 
between accidents and the behaviour of vehicles and pedestrians under 
various road conditions, including, of course, black-out conditions. If 
that basic problem were thoroughly explored in a range of cases, by 
examining speeds, acceleration and deceleration, the position of vehicles 
on the road in relation to road layout, overtaking and passing technique, 
and road surface and weather conditions, he thought that considerable 
information would be obtained which would be of value in solving road: 
safety problems. - 

Mr. H. E. Aldington observed that reference had been made 
the advantages to be derived from an examination of accident statistics. 
Of course, something could be culled from such statistics, but, as an engineer, 
he had felt for many years that the possibility of constructing safe highways 
was very largely an engineer's problem? Unfortunately, the road enginee 
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ad to contend with a series of different types of units on the highway, all 
f which units could occupy almost any place they liked on the highway. 
here were pedestrians, who travelled at a speed of 4 miles per hour, or 
bout 6 feet per second; vehicles travelling at 30 miles per hour, or 44 
eet per second ; heavy vehicles travelling at 20 miles per hour, or 28 feet 
ner second ; and cycles travelling at 10 miles per hour, or 15 feet per second. 
All of those varying units used one surface, and he had no doubt that the 
undamental cause of road accidents was the lack of harmony between 
heir movements on the highway. Although some speakers had suggested 
hat speed had very little to do with accidents, he thought that, from an 
mgineering point of view, if the problem were examined in detail, however 
much he would like to agree with that suggestion, he was invariably 
forced to conclude that speed was a very important factor. The Author 
nad prepared his Paper before the outbreak of war and therefore dealt 
with the conditions obtaining before the black-out came into operation. 
mn December 1939, fatal accidents on the roads in Great Britain numbered 
,155—the highest on record—whilst in January 1940, they numbered 619. 
On the Ist February the Government decreed that during the black-out 
period the speed-limit should be 20 miles an hour. It might be a 
oincidence, but the number of fatal accidents during February decreased 
0 416. It had been stated—he thought with a good deal of truth—that 
» man hit by a vehicle travelling at 30 miles per hour would probably 
be killed ; if he were hit by a vehicle travelling at 20 miles per hour he 
would become a hospital casualty ; and if he were hit by a vehicle travelling 
at 10 miles per hour he would still certainly be injured. 

Although the particulars given by the Author with regard to accident 
statistics were very interesting, he felt that too much time could be spent 
n analysing such figures. Whilst he had every regard for research in 
sonnexion with engineering matters, he thought that too much attention 
sould be devoted to statistics, and he agreed with Dr. Glanville that the 
Paper gave the impression that road engineers were faced with an almost 
insolvable problem and were still trying to find ways and means of dealing 
with it. He ventured to suggest that, if the money could be provided, the 
engineers of Great Britain were just as capable as any engineers elsewhere of 
building not only fine, but also safe, motor-roads. If pedestrian accidents 
and cycle accidents could be reduced in built-up areas, the problem would 
be largely solved, but he considered that that was practically impossible 
under present conditions. The pedestrian had to move on the same level 
as a unit travelling at many times his speed. People who lived on the side 
of a high-speed road did not hesitate to allow their children to cross that 
high-speed road, whereas if anybody suggested that children should be— 
be horrified. He felt that there was not yet a true sense of proportion oa 
regard to the danger of the roads, which had been brought about by the 
introduction of the mechanically-propelled vehicle. He did not feel, 


able to cross the main-line track of a railway on the same level they would 


Th 4 


. noticeable—and, of course, it was quite natural—that all the cycle traffie | 


_ words “and accidents/quantity of motor-fuel consumed ” might be omitted 
_ With regard to Question (5) and also to Question (4), “ Why does there 


_ he thought that the relationship was on a density basis, and that if the 


automatically began to decrease. An example of that was provided in th é ) 
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however, that, apart from the towns, the problems of building a safe road | 
was incapable of solution. Some speakers had emphasized the desirabilit " 
of constructing motor-roads, and he thought that there was something t 
be said for such a scheme in some parts of the country, but he did not } 
think that it could be shown that a general system of motor-roads was | 
necessary, or, in fact, desirable, in Great Britain. For a long time hi 
had felt that, in the construction of by-pass roads around built-up areas 
one object to be aimed at was the construction of those roads in such a - 
manner that the existing traffic in the area could circulate and go about its 
business—the farmer driving his animals to the local market, the childre 
walking to school, and people driving or cycling into the nearest town 
without being mixed up in any way with the traffic on the new by-pass 
road. That raised the very controversial question as to whether, in fact, — 
there were any real necessity for cycle-tracks and footpaths on by-pass — 
roads. No doubt money would be scarce after the war, and there might | 
be no opportunity of building such roads for many years; if, however 
cycle-tracks and footpaths were omitted from such roads the cost would — 
be reduced very considerably. In analysing statistics of traffic to and 
from towns which were by-passed, it had always struck him as very | 


was actually going into and from the towns. At week-ends there was _ 
traffic on the through road, but very little traffic in the towns, and it 
might be that, as time went on and roads had to be constructed with 
limited funds, ‘by-pass roads would have to be constructed without cycle= 
tracks or footpaths. |i 

With regard to the series of six questions which the Author asked in the — 
section of his Paper headed “ Comparison between Great Britain and Other © 
Countries” (p. 268), Mr. Aldington thought that there was a good reason 
for most of the facts about which the questions were asked, and that 
satisfactory answers could be given to the questions. 

With reference to Question (5), “ Why do the accidents/population 
density figures follow closely the figures of accidents/number of vehicles, 
and accidents/quantity of motor-fuel consumed ?”’, he thought that the — 


appear to be no proportion between accidents and population, and why 
does there appear to be a close relation with density of population 2”, 


population of the British Isles were spread evenly everywhere the number 
of accidents might be expected to decrease. That could be connected with 
speed. When speed and the number of vehicles increased up to a poin i 
accidents increased ; then a maximum point was attained whereat the 
number of vehicles was such that it affected speed, and the accident rat 


City of London, where most of the streets were very densely crowded witl 
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ehicles, the traffic was slow, and, generally speaking, accidents were 
omparatively few in number. 

- He considered that the Author's questions could be answered, and that 
here were not so many unknown factors as was sometimes imagined. He 
greed that in a built-up area—London, for example—it was extra- 
rdinarily difficult to find a solution to the accident problem ; but he did 
ot think that the use of traffic-control signals had yet been developed 
ufficiently. At certain places in London accidents were formerly dis- 
ributed all over the highway. Then guard-rails were erected on the road 
or a distance of some miles compelling people to cross at certain points ; 
he result had been that accidents now occurred at those openings. He 
uggested that the next step to be taken in dealing with highly-populated 
owns was undoubtedly the definite control by time of pedestrian crossings. 

The problem of road safety was certainly an engineer’s problem, and if 
oad engineers could be told: “Here is so much money and here is a 
particular area; clear up the accidents here ; you have power to do what 
‘ou like in the matter’, he thought they would succeed in reducing the 
ecident rate ; but he believed that the day when the matter would thus 
9@ put into the hands of road engineers was far distant. 

Mr. H. G. Lloyd wished to present the pedestrian’s point of view. 
dis attention had been drawn to a bad accident to a small school-child, and, 
s a result, he had persuaded the local authority to have guard-rails put in 
ront of the exits from the school. He wished to emphasize that, although 
suard-rails had been placed outside some schools 30 years ago, they were 
not yet in universal use. 

There was one rather ingenious arrangement to which his attention had 
seen drawn at a certain school, by means of which it could be ensured that 
hildren left the school facing the on-coming traffic. The doors opened 


Fig. 3. 


Footpath, 


Roadway. 


to the footpath in such a way that anyone coming out through them 
Paced the traffic on that side of the road. In the case of some schools 
which had gates, the gates were made so that they would not open fully 
but would allow only one child to come out at a time, in a direction opposite 
0 that of the traffic on that side of the road. The simple plan shown in i 


g. 3 could be applied to all 


“roads, and the cumulative benefit in preventing accidents should be 


doors and gateways opening on to paths ~~ 
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_ In Germany; he was aware that special powers were necessary before 


point would soon be reached (in respect of built-up areas, at least) wher 
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x*4 Mr. Robert Young referred to the wide difference between the 3 
assessments of the causes of accident displayed in the reports from t 
Ministry of Transport on the one hand and from the Oxfordshire Coun 
Council on the other. He pointed out that the Allness Report showed t 
findings of an intermediate nature, and he thought that such strongly” 
contestant data clearly indicated the extreme complexity of the problem | 
of road safety. He felt that too much was being hoped for in too short @ ; 
time, and, although the Paper recommended that more attention should be + 
paid to the investigation of statistics, he suggested that certain investiga 
tions might well be shelved for the time being in favour of more practica 
experimental work on road-safety measures such as fly-overs and round 
abouts. Even although it might be rather expensive, a number of | 
representative dangerous and involved points might be selected which | 
would be concerned with comprehensive schemes of road improvement; _ 
roundabouts and fly-overs could be constructed to suit local conditions 
with a view to the ultimate incorporation in the comprehensive scheme 
From those measures, statistics could be obtained and studied, and, 
although the layouts might not be working to full capacity, Mr. Young | 
was confident that improved conditions of safety would result. The 
Author had assessed that improvement at 100 per cent. ; 

Mr. Young suggested that the proposals for trunk roads, as envisaged | 
by the Ministry of Transport, were too costly, and he thought that less 
money might be spent on roads which would not cater for all types of 
traffic. Such roads would necessitate the prohibition of slow-moving | 
traffic on major high-speed roads and the compulsory use of cycle-tracks — 
where those would be provided. In Germany, the motor-roads were as 
private as the railways in Great Britain; written permission had to be 
obtained before walking along those roads. . 

The accuracy of what was stated in respect of the safety of the German 
motor-roads was open to question. It was significant that the maximum, 
speed on those roads had, sometime previously, been limited to 100 
kilometres per hour (62 miles per hour). : 

Mr. Young strongly approved of motor-roads such as had been built — 


such building could be undertaken in Great Britain, and he felt strongly 
that such powers should be obtained forthwith. q 
With regard to the high cost of acquiring the necessary property, @ 


the rate of progress was materially retarded, and the reduction in the 
‘number of road accidents in particular would be seriously hampered 
because of the large amount of money required to obtain the facilities 
to construct the necessary works. Legislation should be considered with 
a view to controlling the value of, and the price to be paid for, property 


«*, This contribution was submitted in writing.—Sxc. Inst. C.E. 
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ecessary for municipal development and the security of the lives of the 
pmmunity generally. 

It had been questioned whether or not conservatism was the cause of 
e absence of motor-roads in Great Britain. Mr. Young thought that the 
mswer to that query lay deeper: it was a psychological matter, in that 
he designing road engineer was hesitant to undertake anything that had 
ot been tried before, lest the optimum opposition should be encountered. 
hat factor would have to be overcome, and a complete re-orientation of 
leas regarding the provision of safe roads would be necessary, if the 
roblem were to be treated satisfactorily. 

Mr. A. J. H. Clayton, in replying for the Author, indicated partial 
isagreement with Mr. Tripp’s analogy of the beasts of prey and the 
attle, because the motorist was not trying to kill the pedestrian. and 
erhaps in most cases in towns a curb was quite an effective barrier so 
ar as vehicles were concerned, if only pedestrians would respect it a little 
nore than they did. Guard-rails, of course, were desirable, but the 
tuestion of expense had to be considered ; the cost of 360,000 miles of 
ruard-rails would be very high. 

With regard to the question of time segregation, which had been raised 
by Mr. Tripp, the difficulty of adopting that as a universal rule was that 
ufficient time could not be given to all the twelve different traffic-streams 
tan ordinary junction, and to pedestrians as well. Therefore, as complete 
ime segregation could not be obtained, some give and take was necessary ; 
ailing that, he thought that the only solution of the problem was segrega- 
ion in space: the pedestrians should be made to go above or below the 
oad. : 

There seemed to be a certain consensus of opinion that if new roads 
were constructed, as distinct from improving or reconstructing existing 
oads, the new roads might very well be motor-roads. That was not 
entirely an engineering matter, but the engineer could give advice on it 
rom the point of view of cost. The cyclist and the pedestrian did not 
ecessarily want new motor-roads, but wanted to be able to use the 
existing roads in safety. If motor-roads were constructed, the cyclist, 
he farm cart, and the pedestrian would have to have means of crossing 
them without interfering with through traffic. 

Mr. Fryer had suggested that high speed was not an important cause of 
accidents, but from the ensuing discussion it did not appear that that view 
as unanimous. It seemed.to him that, whereas speed for vehicles was a 
esirable thing and should not be condemned in itself, a higher speed than 
was justified in the circumstances was definitely the cause of accidents, and 
also, generally speaking, made accidents more serious, although it was 
said, for example, that motor-cyclists fared better in a crash when they 
vere travelling at 80 miles per hour than when they were travelling at 30° 
miles per hour. oan 
Mr. Fryer had mentioned the Derby race-traffic. Mr. Clayton thought 
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that that type of traffic had to be regarded as abnormal. Engineers | l 
provided additional roads and better surfaces in the Epsom Downs dis 
The general public could hardly be expected to accept measures adopted in 
such special circumstances as the normal practice. 
With regard to the case mentioned by Mr. Fryer of a road which hae 
room for cycle-tracks but on which cycle-tracks had not been made, it wa 
probably a comparatively short length of road, and the question arose 2 
to whether it was not better to leave out cycle-tracks altogether in built-up 
areas, rather than to put them in in some places and to leave them out 
in others. Towards London they might be brought up to a certain poin 
not necessarily any arbitrary administrative boundary, and then stopped: 
Mr. Fryer had raised an interesting point as to the prohibition ¢ 
pedestrians on central reserves. In London, in obtaining Parliamentar 
powers for new improvements, it was customary to get powers to cove 
that, so that central reserves could be fenced off and not used by thi 
pedestrian, who was otherwise supposed to have a free right to the use of th 
highway. There was also the point that highway authorities could now 
put in shrubs and could protect them, and the protection of the shrubs 
might very conveniently stop the pedestrian going where the highway 
authorities did not want him to go. He believed that that had been 
found quite effective in some counties. 
The question of research in the causes of accidents was important. 
would suggest that engineers engaged in road work would like to carm 
out research work, and did, in fact, do a little such work, but they had te 
face two difficulties : firstly, although the data existed they were difficul 
to obtain; and secondly, the engineer had little time to analyse them 
when they had been obtained. It seemed, in happier times, that the 
Ministry of Transport might undértake the task of analysing the general 
causes of accidents, quite apart from the local road engineer’s task of 
analysing the causes of accidents on his own roads. | 
Fig. 1 (p. 289) might require some amendment with the help of engineer 
who had had some experience of road problems. Mr. Clayton thought that 
ib was necessary to acquire the correct perspective on such matters. Traffic: 
signals, for example, had a certain definite duty to perform ; they stopped — 
traffic in one direction in order to allow traffic in another direction to pass, 
and their primary purpose was to allow the passage of traffic. In many 
cases that made for safety, but if they were used in substitution for anothe 
form of control which would be equally effective, they did not make fo: 
safety, whilst if they were badly laid out and the conditions were unsuitable 
accidents might increase. That matter might very well be investigated 
scientifically on the lines suggested. 
Some speakers had referred to the question of choice between central 
refuges and a continuous reserve. In that case again it was necessary to” 
obtain the correct perspective. A central reserve was generally mos 
suitable ; it was cheaper, and the definite and continuous line of the curk 
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as a great help in driving. In the case of towns, however, in peace-time 
onditions, refuges, at intervals sufficiently frequent to prevent the over- 
aking of vehicles travelling at a fair speed, would very often meet the case 
etter. It was necessary to consider not the ideal road, but a road with a 
arriageway from 40 to 45 feet wide, with houses and shops on both sides. 
Drivers of vehicles delivering goods on the off side of the road had either 
9 pull up on the near side and carry the goods across the road, or to pull 
Ip on the off side, which was a more dangerous practice where there was a 
entral reserve than where there were central refuges. The question 
ould not be settled on dogmatic lines. He thought it was wrong to say 
hat central refuges caused accidents ; they might prevent accidents in 
aany cases. It was better for a vehicle to hit a central refuge than to hit 
pedestrian or another vehicle. The erection of a pole in the centre of a 
efuge where there was no lamp-post might prevent collisions during the 
lack-out. 

Mr. Aldington had referred to the reduction in accidents since the 
mposition of a speed-limit of 20 miles per hour during the war-time 
ack-out. That might be due to a better realization of the danger of 
riving in the black-out, and to more experience. The reason for a reduc- 
on in accidents was not always the most obvious one. He did not say 
hat the imposition of a speed-limit of 20 miles per hour in the black-out 
vas a bad measure; he thought it was quite a proper one, but it was 
aluable more from the point of view of drawing attention to the necessity 
or a low speed than because of the actual limit it imposed. 

With reference to Mr. Lyddon’s question regarding the meaning of the 
\uthor’s statement that the number of potential skidding accidents had 
nereased 50 per cent., Mr. Clayton pointed out that it meant that the 
umber of vehicles, each of which was liable to skid, had increased by 
0 per cent., and therefore that the potential number of skidding accidents 
ad increased accordingly. 

~ While appreciating Mr. Young's natural desire for bold action to reduce 
scidents, it should be remembered that 75} per cent. of the accidents 
curred on the 224 per cent. of the roads which were in “ built-up ” 


iS hesitant to undertake anything that had not been tried before. It 
vas possible that one factor which had held up the construction of motor- 
oads in Great Britain had been that they were originally considered as’ 


lll roads on the lines of those constructed in Italy. It was very much 


aults, as existed in Great Britain, toll roads would be a financial success. 
for example, it had recently been said that the Winchester by-pass road 


pen to doubt whether, with such an excellent road system, in spite of its 
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_ type of curb was essential where there was a footpath close to the carria 


298 DISCUSSION ON ENGINEER’S PART IN ROAD SAFETY. 


had enabled a saving in time of about 13 minutes to be effected, 
compared with the time taken to pass through the town. Theoretically 
that would justify a toll of, say, 1s., but how many drivers would pay thas 
toll rather than go through Winchester ? i’ 

There was no doubt that a large proportion of through-traffic roads ii 
Great Britain would continue to be of the two- and three-lane type, ana 
research into the traffic conditions which justified that more economicas 
width was undoubtedly needed. When research into the accident-rate : 
on different widths of roads was carried out in the United States, the raté 
for three-lane roads was very little better than for two-lane roads, bu 
very much worse than for four-lane roads, whether centrally divided ° 
not. The investigation did not cover the effect of different volumes anc 
compositions of traffic. There was no doubt, however, that if varying 
speeds were permitted, neither the two-lane nor the three-lane road could 
carry safely anything like the volume per lane that wider roads cou 
carry. . 

When suggesting that the cost of land was not a large al 
the cost of construction of new roads, no doubt Mr. Lyddon had in mina 


was ready for development, or where development had taken place, tha 
cost presumably became an important factor. In suggesting that some 
saving might be effected by closing redundant roads, the Author agair 
had in mind conditions in a more developed district. 

There appeared to be a divergence of opinion over the use of curbs 
Whereas “ flush’? curbs were no doubt useful, and made it possible te 
avoid certain types of accident, on open roads with wide verges the io 


way. Draw-off places separated from the carriageway by a “ flush’ 
curb, preferably of the same colour as the ordinary curb, might well be 
constructed, even in towns, where there was room between the carriage 
way and the footway. ; 

The number of motor vehicles per 100 of the population in various 
countries, asked for by Mr. Fryer, were: Great Britain, 6-25; Belgium: 
2-57; France, 5-25; Germany, 2:31; Holland, 1:80; Italy, 1-45. 
Switzerland, 2:43; United States, 23-3; and Canada, 13-75. 


x» The Correspondence on the foregoing Paper will be published in the 
Institution Journal for October 1940.—Sxc. Inst. C.E. 
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ORDINARY MEETING. 


23 April, 1940. 
eS Sir LEOPOLD HALLIDAY SAVILE, K.C.B., Vice-President, 
i in the Chair. 


The Chairman said he had been asked by the President to apologize 
a his absence from the meeting, which was due to a family bereavement. 


The Council recommended that an Ordinary Meeting should be held 
“on the 11th June at 5.25 p.m., prior to the Annual General Meeting, 
B ply for the purpose of holding a ballot for the election of new members. 


e The recommendation was agreed to by the members present. 
eg 


‘The Council reported that they had recently transferred to the class of 


Members. 


Patrick ARTHUR LEITCH. 
MonvracueE Kerry Rick-Ox Ley. 


Bi ENRY HastTINnGs COLLETTE. Epwarp Prev. Srevenson, B.Sc. 
| Atrrep CrawrorD, B.Sc. (Durham). (McGill). 
HUBERT JOHN EscrEent, B.Sc. (Eng.) 
(Lond.). 
nd had admitted as 
Students. 


FRANOIS JOSEPH GONZALEZ. 

Epaar Arnotp Augustus ABEYWICK- 
REMA GOONETILLEKE. 

ARTHUR RONALD GREENLAND. 

LEsiip OLIVER DE SILVA GUNASEKERA. 

Joun Dovaetas Hacon. 

CRAWFORD ROBERT HAxToNn. 

Witt1am ANDREW HENDERSON. 

Ernest CHARLES CLEAR HILL. 

Harry Ropert Bartey Hinton. 

James McKernzir Hoy. 

Henry Peter HUMPHREYS. 

Wiiuiam Hype. 

ALFRED REGINALD JERMYN. 

CLEDWYN OWEN JONES. 

Joun Kenneth Kerr. 

Lusiizn FREDERICK Kina. 

Smmon Lewis, B.Sc. (Cape Town). 

Henry CHarves Lock. 

Wii1am Trevor Lures. 

Parrick Grayson Lytu, B.Eng. (Shef- 

eld). - 

ae PARKER BUCHANAN MoGrpzox, : 
B.Se. (S. Africa). 

THomas CoLUMBA MoGrrx. 
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Duncan Muu1Ken, B.Sc. (Wales). 

Grorcs NarrNE MurpDocH. 

GrraLp Max Noacn, B.Se. (Cape T'own). 

Davip DurE PATERSON. 

Eric CLIFFORD PATTENDEN. 

ANTHONY JOHN PEACH. 

Evis Raymonp Prcxwort, B.Sc. (Dur- 
ham). 

ALAN GHorGE CHARLES PILLIDGE. 

Norman Duncan Prreis, B.Sc. (Eng.) 
(Lond.). 

Tan FRANK PRATT. 

Hersert Norman Prine, B.Se. (Man- 
chester). 


The Scrutineers reported that the following had been duly elected as; 
Member. h 
Witu1aM GILBERT TURNER. 


Associate Members. 


CuHarves Davip BarBER, Stud. Inst. C.E. 

Mark BernsTEIN, B.Sc. (Cape Town). 

Max BuumsBere, B.Sc. (Cape Town). 

Bruce THEeopoRE BosweE tu, Stud. Inst. 
C.E. 

Epaar Joun Bretrety, M.A. (Cantab.), 
Stud. Inst. C.E. 


Horace Rex Bristow, B.Sc. (Cape 
Town). 

Bryant LinpLtEY Buowanan, B.A. 
(Cantab.), Stud. Inst. C.E. 

Joun ALEXANDER BuoHanan, B.Sc. 


(Edin.). 

Henry Joun Byrn, B.C.E. (Melb.). 

Junius Cansar, B.Sc. (Eng.) (Lond.), 
Stud. Inst. C.E. 

BrrNagpd JAMES CALLINAN, B.C.E.(Melb.). 

ALEXANDER KnnetH Cameron, B.C.E. 
(Melb.). 

Rosert Joun Cooks, Stud. Inst. C.E. 

Turoporn ALAN Downss, B.Se. (Wit- 
watersrand). 

James Correr Roger Firz@RRaLp- 
Lomsarp, B.A. (Cantab.). 

Epwarp ALLAN Fiynn,B.E.(New Zealand) 

Riowarp Marryn Gun, B.Sc. (8. Africa). 

ALAN Lester GEorRGE. 

Henry Crane Green, 
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INTRODUCTION. 


‘Tue original barrage} was built at the same time as the Aswan dam 
it was begun in 1898 and completed in 1902. The site is approximately 
340 miles from the sea and 410 miles downstream of Aswan. The objec 
of the barrage was to raise the water-level upstream of the intake of the 
existing Ibrahimia canal, and to provide the latter with increased supplie 
from the storage provided by the Aswin dam. The maximum head t 
which the barrage was subjected was 3 metres. 

The Ibrahimia canal is 250 miles long and is the largest irrigationi 
canal in Egypt. The daily flow at the intake varies between 20,000,000 
and 70,000,000 cubic metres, as compared with the average winter flow. 
extraordinary floods excepted, of about 9,000,000 cubic metres record di 
at Teddington on the Thames. 

A head regulator was built at the canal intake at the same time as th 
barrage. 


DESIGN OF THE ORIGINAL BARRAGE. 


Before describing the remodelling, a brief description of the original! 
structure is necessary. The barrage is built entirely on the sand of the: 
river bed. Fig. 1, Plate 1, is a general plan of the barrage and the su 
sidiary works. Figs. 2, Plate 1, show the original and remodelled typi 
cross-sections and part plan. The barrage is 800 metres in length betwee ] 
abutments, exclusive of the lock at the west end, which is 16 metres in| 
width and 80 metres in length over the sills. i 

The barrage consisted of 111 sluices, each 5 metres wide. These were 
divided into groups of nine by twelve abutment piers, each 4 metre 
thick. The intermediate piers were 2 metres thick. The flat floor of i ‘ 


: 1 G.H. Stephens, ‘‘ The Barrage across the Nile at Asyat. ”? Minutes of Proceedin 


Inst. C.E., vol. clviii (1903-4, Part iv), p. 26. a 
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barrage formed the sills of the sluices at the reduced level } of 43-25, 
which was approximately the river-bed level, and was 26-5 metres wide by 
3 metres deep. 

_ The piers were 10-7 metres high from sill-level to the springing of the 
arches. The abutment piers were 15-4 metres and 13-795 metres long at 
‘the sill- and springing-levels: respectively, the intermediate piers being 
12-77 metres and 11-195 metres in length respectively. The upstream 
faces of all piers were vertical, and the downstream faces had a batter of 
approximately 6-6 to 1. 

__ The floor consisted of a bottom layer of mass concrete with limestone 
rubble set in mortar in the upper portion ; at the bottom it was enclosed 
in cast-iron sheet-piling driven to a depth of 7 metres below the founda- 
tions. During the latter part of the construction the floor was widened 
to house the piling completely, and thus to prevent the passage of water 
‘over it from under the floor. This was partially successful, but was a 
‘source of trouble during the remodelling. _ 

‘The hearting of the piers consisted generally of rubble masonry, but in 
ome cases brickwork was employed. The mortar used was lime and 
mra, but occasionally Portland-cement mortar was employed 2. 

_ The facing of the floor, piers, superstructure, and parapets is of a 
Jimestone from Issawia in upper Egypt, either in the form of dressed 
shlar, or random work with rough-dressed facing set in mortar in mosaic 
attern. This stone, both above and below water, has stood the test 
f 35 years very well. It is comparatively soft when quarried, but hardens 
when exposed. A certain amount of the softer material on the surface 
weathers out after 2 or 3 years, leaving a somewhat pitted effect, after 
which there is no change. It should be noted that the atmosphere is pure 
and that there is no rain or frost. 

The sluice-arches each consisted of four rings of brickwork with 
masonry voussoirs. They were found to be in excellent condition. Hach 
‘sluice was originally fitted with two built-up steel gates working on end 
rollers in cast-iron grooves recessed into the masonry of the piers. A 
hird gate was subsequently added to hold greater heads. This made 
manipulation of the gates somewhat difficult. The sluice-gates were 
operated by chains from hand-operated machines travelling on the up- 
stream parapets. 

The roadways were 4-5 metres wide between parapets. Light tracks 
of 0-6-metre gauge for transport services were laid in the roadways. 
The locks, swing bridges, and subsidiary works are described in Mr. — 
ephens’ Paper. The vehicle load allowed on the bridges and barrage 
as originally 5 tons, but was subsequently reduced to 1} tons. — 


1 All levels refer to the datum of the Egyptian Survey Department, which is mean 
ca-level at Alexandria.—J. EK. B. 
2 G. H. Stephens, ‘“‘ The Barrage across the Nile at Asyiat.” 


2 Minutes of Proceed- 
‘ings Inst. C.E., vol. elviii (1903-4, Part iv), p- 44, — 
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_ be exceptionally tight. Two expansion cracks in the side walls were found _ 


The Ibrahimia canal regulator was of similar design to the barrage, 
having nine sluices, a roadway, and a bridge. The navigation-lock was | 
only 9 metres wide, whereas the lock in the barrage was 16 metres wide, , 
The maximum head allowed was 3°5 metres. 


CoNDITION OF THE ORIGINAL WORK. 


An interesting feature of the remodelling was the opportunity of | 
observing how the original work had withstood 35 years of use below — 
and above water. 

The alignment and levels of the foundations were very good and 
no signs of movement were found. The work as a whole was of a 
high quality. It should be remembered that few modern appliances 


had taken place in the rubble masonry of the floors and sides of the sluices. 
It was noticed that, where repairs had been carried out, those done i 
concrete appeared to have stood better than those executed in rubble 
masonry. There were some cracks in the arches due to seasonal expansion; — 
otherwise the condition of the masonry and pointing was good. 


construction in Egypt, but it requires strict and efficient inspection. 
Cavities exposed inside the piers were found to be filled with the fine Nile — 
silt which had percolated through the masonry. 

The sluice-gates were of an obsolete design and would in any case 
have had to be renewed. In many cases the old grooves had been broken, _ 
possibly by rough usage. 

The original apron upstream of the solid barrage floor, composed of — 
hand-packed rubble on a layer of clay, was found to be undisturbed and_ 
in good condition. The original hand-packed rubble apron immediately 
downstream of the solid floor had, however, been scoured out in the past. 
Consequently, in 1928, a blockwork apron, 10 metres wide, was laid by 
divers, and undoubtedly averted serious damage to the barrage. Large 
quantities of rubble had, at various times, been deposited as additional 
protection. 

The lock, which was included in the first season’s sudd, was found to 


and repaired. 

The downstream pair of gates had been damaged in the past, and 
they required strengthening and repair. The original gunmetal bearings 
of the heel-posts and the wearing faces of the penstocks were almost 
entirely worn away. 
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REMODELLING OF THE BARRAGE AND THE IBRAHIMIA REGULATOR. 


__ The standing policy of the Egyptian Government has been, for some 
years, to proceed with such works so as to enable full use to be made, 
for irrigation purposes, of the additional water stored at the Aswan and 
‘Gebel Aulia dams. As an instance of the value of such works to the 
country, it may be stated that the Nag-Hamadi barrage, which was 
‘completed in 1930 at a cost of about £E2,000,000*, paid for itself in about 
3 years from water taxes and other revenue. 
At Assiut one of the urgent needs has been to be able to raise, still 
further, the level of the river upstream of the barrage, and so to provide 
‘more water for the Ibrahimia canal, thus generally improving irrigation 
“in the whole of the Nile valley on the west of the river for a distance of 
250 miles, and also for a small portion on the east side. 
— Preliminary investigation showed that the maximum head on the 
barrage could be raised to 4-2 metres by remodelling the existing structure, 
in accordance with the designs of the Consulting Engineers, Messrs. Coode, 
“Wilson, Mitchell, and Vaughan-Lee ; this was preferable to the building 
_ of a new barrage at a less convenient site and at a considerably greater cost, 
or to constructing a weir downstream of the existing barrage, which would 
have entailed the provision of another navigation-lock. 
_ The Egyptian Government, having decided on the remodelling of the 
existing barrage and the Ibrahimia canal regulator, invited tenders, and 
| the contract was awarded to Messrs. John Cochrane & Sons, Ltd., on the 
9th October, 1934. The total amount was £E1,140,140, which included 
 £E134,508 for the sub-contract for the new sluice-gates and operating 
machines awarded to Messrs. Ransomes & Rapier, Ltd., £431,563 for the 
two lift bridges supplied and erected by Messrs. Sir William Arrol & Co., 
“Ltd., and £E50,000 provision for contingencies. The sub-contracts were 
let subsequently to the main contract. 
The amount of work to be carried out, during each low-water season, 
‘jnside the sudded or dammed-off area was naturally determined by the 
number of vents which had to be left available for passing the normal 
flow of water during the 6 or 7 months in which it was possible to carry 
out any kind of work in the river bed. This governed the condition in the 
contract that the entire work should be completed in four seasons. Each 
“season’s work commenced in November with the driving of the steel 
- piling of the sudds from floating plant, and ended in the following May or 
June with the extraction of the sudd piling. . 


- Owing to the arrangements previously made by the Government to 


“elose the lock to navigation during the first season’s work in 1934-35, it 
was necessary to commence work on the west bank of the river, which 


“gncluded the lock. This, together with the fact that the contract was not 


ee 


7 * One Egyptian pound (£E1) is equivalent approximately to £1 0s. 6d.—J. K.B 


AL a, 


_ link up with the sudd piling, which latter was driven hard up against the; 


, emulsion, the composition of which is a trade secret. The injection pipes | 


“ 
i” 
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awarded until October, 1934, called for considerable energy on the part of ’ 
the Contractors to complete the first season’s programme satisfactorily. 

The old numbering of the vents and piers was adhered to, proceeding 
from west to east. t 


SprcrAL FEATURES OF THE NEw Work. 


The new work necessarily included two novel features, namely ; 
impervious cementated transverse cut-offs below the old barrage floor, 
and a reinforced-concrete piled longitudinal cut-off under the new upstream 
floor extension throughout the entire length of the barrage. 

Cementated cut-offs. These cut-offs under the old barrage floor were — 
necessary to fill the gaps which would otherwise have existed in the front 
and back ends of the sudds for each season, owing to the presence of the old _ 
floor, which could not be disturbed. Under the heads which were necessary . 
the water from the river would have had easy passage below the old floor 
into the sudded area, had it not been for these cut-offs. 

The results of experiments, made on the site with various materials, — 
showed that injection of the river bed with bituminous emulsion at low 
pressures produced an impervious mass. This method was adopted and — 
four cut-offs, at vents Nos. 13, 39, 66, and 93, were constructed as a sub- | 
contract by the Francois Cementation Company, Ltd. These vents were 
those decided on for the back and front ends of the four sudds. The 
cut-offs were commenced in December 1934, and completed in May 1935, _ 
The cut-off at vent No. 13 was carried out in the dry inside the first season’s 
sudd, and the remaining three from staging and floating plant in the river. | 
The cut-offs at vents Nos. 39 and 66 were so arranged that they could be | 
used twice. The cut-offs were 5 metres wide (one vent) and were about 


old floor. ; 

One hundred and sixty-two holes were drilled in each cut-off through the — 
old floor, which was 3 metres thick. The holes were spaced at 1-metre _ 
centres in the north and south direction and at 0-85-metre centres east to 


were 1 inch in diameter. The quantity of emulsion per hole varied from 
360 to 720 litres, depending on the material encountered. Percolation 
tests, under water-pressure, were made before and after treatment, an¢ 
samples were taken after injection from trial holes. , 

The cut-offs proved entirely tight, and, when the work was opened up 
for the floor extensions, the emulsion was found to have impregnated the 
materials outside the floor to a maximum distance of 15 metres. ; 


4 
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' West Rotinoff reinforced-concrete piled cut-off. This form of piling 
sonstruction was necessary, as any form of excavation or trench work 


Figs. 3. 
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long. They were reinforced in the relation of 13-3 Ib. of steel per cubie foot 
of concrete. Stretcher bars were cast in the piles to hold the steel m 
drels. Recesses, cast in the end joints of the piles, took the mandi 
behind which were washing-out grooves. Special piles took up errors 
due to longitudinal creep and any errors in plumb. The steel mandrels 
extended for the full length of the piles and were 4 inches by 43 inchess 
external section with a hollow core 23 inches by 2} inches. 
The plant used for sinking the piling consisted of a No. 21B Ruston-- 
Bucyrus caterpillar navvy, with a 40-foot jib for handling and pitching; 
the piles and for operating the 2-ton driving monkey. The jetting-pipes 
were suspended from the jib. A pyramidal four-legged tubular frame, 
25 feet high, followed behind the navvy for the purpose of withdrawi 
the interlocking steel mandrels from between the driven piles. It also) 
carried the grouting mixer, pump, pipes, and jets. 
As the top 4 metre of the piling was housed in the new concrete floor, ; 

_ the excavation for the new work had to be more or less completed before » 
the piling was carried out. 
Before a pile was pitched, one of the steel mandrels, with a loose cast- - 


tail end was threaded on to the mandrel in the leading end of the las b: 
driven pile. The pile was sunk under its own weight by means of water ° 


only, the jetting-pipes being held 2 metres above the bottom of the pile | 
After a certain amount of experience had been gained it was found that, , 


joint-space between the piles of about } inch. The pyramidal frame on rail 
followed up behind to withdraw the mandrels and to effect the grouting of | 
the joints. Water-jet pipes were lowered into the pre-cast grooves in front | 


drawn 6 or 9 inches, leaving behind the cast-iron shoe which was he id 
by the bottom stretcher bar. The shoe acted as a plug in the bottom. — 
The water jets were continued until clear water issued from the inside 
and around the mandrels at the top. A 2-inch-diameter pipe-connexion 
was then fitted to the top of the mandrel leading to the grouting pump. — 
Cement grout was injected down the inside of the mandrel, the water jets — 
in the pre-cast grooves being gradually reduced until grout showed at the’ 
top, outside the mandrels. The jetting pipes were then gradually with- 
drawn, and when thick grout appeared at the top, following the jetting 
pipes, the mandrel was slowly withdrawn, grouting being continued until 

withdrawal was complete. . | 


- BOSTOCK ON REMODELLING OF THE ASSIUT BARRAGE, EGYPT. 309 


A sample length of piles was sunk, grouted, and subsequently bodily 
vithdrawn. The result was entirely satisfactory and proved a watertight 
but-off. The cut-off commenced against the old cast-iron piling of the 
west wall of the lock on the west bank, and finished against the piling of 
the abutment on the east bank of the river. 


SuMMARY OF THE Matin Irems oF THE NEw Work. 


_ The contract comprised the following items :— 
(1) Strengthening the existing floor to take the increased heads. 
The founding of the entire structure on the sand of the river bed entailed 
the construction of concrete impermeable extensions to the original 
barrage floor on both sides, and the incorporation therewith of three rows 
of piling, parallel with the barrage, to form cut-offs. These, altogether, 
sive a total length, to withstand water creep, of 85 metres. Ignoring the 
original cast-iron piling, this gives a hydraulic gradient of 1 in 20. If the 
original piling is included the gradient is 1 in 24. 
_ The floor extensions are protected against scouc by flexible concrete- 
block aprons on both the upstream and downstream sides. The aprons 
are, in their turn, contained in, and protected by, concrete toes. 
(2) Building new raised granite weirs, sills, and floors on the old 
masonry in the sluice-gate vents. 
(3) The provision of new sluice-gates throughout the barrage, with the 
necessary cast-iron grooves, overhead mild-steel trestles, and operating 
machines. 
_ (4) Lengthening the piers and arches of the barrage on the downstream 
side, and widening and resurfacing the roadway. 
_. (6) Widening and strengthening the east wall of the lock, lengthening 
both the old east guide-pier and the west wall of the lock on the down- 
stream side, and lengthening the floors in the upstream and downstream 
approaches to the lock. 
(6) Provision of a new bridge at the barrage to take the widened 
roadway over the downstream entrance of the lock. 

(7) Overhaul and repair of the existing barrage lock-gates, and renewal 
of the bottom bearings. 
(8) Lengthening the piers and arches of the Ibrahimia canal regulator 
on the downstream side, and the provision of a resurfaced and widened 
roadway. 
a (9) The provision and erection of nine pairs of new sluice-gates for the 
Ibrahimia regulator, with the necessary cast-iron grooves and operating 


Lea 


ear. 
| (10) The provision of a new bridge to take the widened roadway 
ycross the approach to the Ibrahimia canal lock. 


[So ~~ 
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es 


310 BOSTOCK ON REMODELLING OF THE ASSIUT BARRAGE, EGYPT. 
i 
EXTENT OF THE WORK CARRIED OUT EACH SEASON. 

Since the positions of the sudds were pre-determined in the contract, — 
the extent of work carried out during the four seasons was more or less 


fixed. Each season’s work naturally included the construction and 
removal of the necessary sudds, and comprised the following :— 


First season, 1934-35 : Strengthening the lock walls ; extension of the - 
downstream west lock wall and guide-pier ; extension of aprons and lock 
approaches ; repairs to the lock-gates; and the remodelling of vents — 
Nos. 1 to 24 of the barrage. 

Second season, 1935-36: The remodelling of vents Nos. 25 to 56 of 
the barrage and of the nine vents of the Ibrahimia canal regulator; the | 
erection of a new lift bridge across the downstream entrance of the barrage — 
lock ; and the erection of two new overhead machines for operating the — 
sluice-gates of the barrage. 

Third season, 1936-37: The remodelling of vents Nos. 57 to 84 of the 
barrage ; the erection of a new lift bridge at the Ibrahimia canal regulator ; © 
and the building of new grooves and sills in five of the regulator vents in ~ 
which new gates were fitted and a new hand-worked operating machine — 
was erected. 

Fourth season, 1937-38: The remodelling of vents Nos. 85 to 111 of | 
the barrage and the construction of a protective impermeable concrete — 
apron in front of the upstream end of the east abutment wall; and the 1 
building of new grooves and sills into the remaining four vents of the | 
Ibrahimia regulator in which new gates were fitted. 


The erection of the new sluice-gates in the barrage was commenced 
during the second season, and was continued in successive seasons as the — 
completion of the new work allowed. | 

In addition to the above, a certain amount of extra subsidiary work, 
ordered by the Government, was carried out, and will be described later ir 
this Paper. 


Supps. 


Typical cross-sections of the upstream and downstream sudds are shown 
in Figs. 4, Plate 1, whilst Fig. 5 shows the sudds in plan. The sudds had 
to be strong enough to withstand heads of 8-25 metres and 5 metres on the | 
upstream and downstream sides respectively, Any failure of the sudds | 
on this work would have endangered the existing structure and the existi ng 
water-supplies to the Ibrahimia canal. On entirely new works sudd 
failures may merely affect the season’s work, and do not affect river-levels” 
and existing supplies. For that reason special provisions with regard to 
the sudds were embodied in the contract. On the upstream side the fout 
sudds were composed of two rows of steel sheet-piling, with sufficient sand_ 
filling to give ample cover for a hydraulic gradient of 1 in 12. The piling © 


dll 
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was driven to a depth of roughly 10 metres below the river-level and about t 
5 metres into the river bed. On the downstream side a single row of steel 
piling was driven to a similar depth below the river-level. 
At the forward end of the sudds, for the first three seasons, the outers 
row of Larssen piling was driven hard up to the edge of the old floor of th e 1 
barrage. The last few piles were driven in the materials which were: 
impregnated by the cementated cut-offs described previously. A short} 
length of curtain-piling was incorporated, running longitudinally with the } 
old floor. : . 
The back ends of the second, third, and fourth seasons’ sudds were 
rendered tight by the planting of the outer row of piles in chases; these } 
chases were purposely left on top of the new floors and were filled with jj 
a sand and bituminous mixture. Below the new floors piling, as described 
later, formed the cut-off. 
The piling was Larssen No. 2 and was driven from floating plant by ° 
MacKiernan-Terry hammers of types Nos.6 and 7. The same plant carried | 
out the extraction at the end of the season. Some obstinate piles required 
the use of a No. 9 hammer. In the third season 3,720 piles were driven, 
with a total penetration of about 20,440 metres, in 68 days and nights by 
three outfits. Roughly one-third of the driving was through rubble, 
‘consolidated with silt, and the remainder into the sand of the river bed, 
The extraction of the same 3,720 piles occupied roughly 60 days and 
nights. The total length of extraction was about 35,500 metres, whic 
figure allows for the sand filling of the sudds deposited after driving. 
The filling outside and inside the piling was carried out by suction 
dredgers.and other means. In some cases the salient corners were pro= 
tected against scour by tipped rubble. The de-watering was carried out 
slowly in order to allow the sudds to drain out gradually, after which 
there was little seepage water throughout the sudds. 
Experiments were made to determine the hydraulic gradients in the - 
sudds and how they were affected by the sheet-piling. The following: 
results were obtained :— 


(a) Sand impregnated with silt gave gradients as steep as 1 in 1-3 on the’ 
_ upstream side outside the piling. The sand on the downstream side, which — 
_ was coarser and cleaner, produced gradients of 1 in 7 or steeper. 
(b) The gradients of the creep down and up the sheet-piling ranged _ 
_ from 1 in 7 to 1 in 15, depending on the depth of the piles in the river beé 
as compared with the depth of the sand filling. a 
(c) The inner row of piling on the upstream side definitely ponded — 
up the water, and, by reducing the velocity of the flow, decreased the 
possibility of movement in the solid materials and produced a safer sudd. 


On completion of the season’s work the sudd was slowly re-watered — 
and pile-extraction commenced. The greater part of the sand filling of 
the sudds was washed away by the following high-river flow. e ) 
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New Construction. 


All new floors and foundations of piers and walls were enclosed in 
ontinuous steel sheet-piling. 


trengthening the West Wall of the Lock. 


_As a precautionary measure before de-watering the first season's sudd, 
Thich included the lock, the west wall of the lock was strengthened by 
heans of 3-inch-diameter tie-rods through the lock wall, and was secured. 
o a continuous concrete anchorage wall, 3 metres by 1-5 metre in section, 

a distance of 25 metres behind the cope line. The bolts were spaced 
metres apart for the entire length of the lock, and as a protection against 
orrosion were surrounded with concrete lightly reinforced. 


Floor Extension upstream of the Lock and outside the East Wall of the Lock. 


The entrance floor of the lock was extended 10 metres upstream and 
sturned around the bullnose and along the outside of the full length of 
he east wall of the lock to connect with the new floor extension on the 
pstream side of the barrage. This was carried out in 6-to-1 mass- 
oncrete, in which was incorporated the reinforced-concrete piled cut-off 
yreviously described. The depth of the concrete was 2-1 metres. The 
‘routing of the foundations and junctions is described later in this Paper. 


floor Extension downstream of the Lock. 

This was similarly carried out in 6-to-1 concrete with a thickness of 
5 metres for a length of 39-4 metres, beyond which a flexible block apron 
nd toe were provided in common with the entire barrage. The new 
loor was entirely enclosed by old and new work and new sheet-piling at the 
ppen end. The top of the sheet-piling was housed into the concrete to 


m a watertight cut-off. 


Hatension of Downstream East Guide-Pier. 
In order to give better facilities of approach to the lock the existing 
Hructure was extended 37-5 metres. The foundation consisted of 2 metres 
6-to-1 concrete, above which was built the superstructure of limestone 
1 cement mortar. The old structure was cut 
k to give a bond for th 
‘her with the widening of the east wall of the lock on the upstream 
of the barrage, involved the permanent closing of No. 1 vent with 


ibble masonry. ; a 
The facing of the superstructure above the concrete foundation, in — 
mmon with all the new work of the contract, was built of rock-faced 

mestone masonry in mosaic pattern. The top consisted of limestone 


77 
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ashlar copings and granolithic surfacing. A flight of boat-steps was 3’ 
provided, with the necessary bollards. 


Extension of Downstream West Approach-Wall of Lock. 

The existing wall was extended 44-5 metres to provide better access; 
to the lock. A similar form of construction to the guide-pier was adopted, , 
except that the downstream end of the existing wall had to be widened I 
to form a junction with the extension. During the excavation for the 
junction between the new and old work a strong ‘flow of subsoil water v “a 
encountered, coming from below the old foundations. This necessitated | 
special treatment. The extension was finished off with a flight of steps, 
and was fitted with galvanized ladders and bollards. 

Chases were built in the extension to accommodate galvanized-iro 7 
pipes to take the various water, electric-power, and telephone servic es 
The chases were also carried across the new floor and up the face of the 
extended guide-pier. ; 


Strengthening the East Wall of the Lock. 
The east lock wall had to be strengthened to take the increased head, 
This was effected by cutting away the old rubble mosaic facing in steps | 
on the east or outside face throughout the top half of the wall. Dove- 
tailed grooves, 0-5 metre by 0-5 metre, were cut in the face from top to 
bottom and were spaced 1-5 metre apart throughout the length of the wall; 
1}-inch-diameter steel bonding irons with fishtailed ends were grouted | 
into the wall for a depth of 0-75 metre at an inclination of 40 degrees, — 
whilst the outer ends of the irons, 0-75 metre long, were left horizontal to | 
tie into the new work of the widening. The bonding irons were spaced — 
1 metre apart vertically and 1-5 metre apart horizontally throughout thé 
face of the wall, as strengthened. 
Commencing from the bottom, on the foundations of the old wall, new © 
masonry was built up, bonding into the old work as described, and widenin 
the wall by 1 metre. The new apron floor, as described néeviodlll Vy 
enclosed the bottom of the widened wall. The old coping, which had been 
carefully taken up, was reset on the widened wall. 


Repairs to the Old Lock-Gates and Flushing-Sluices. 

Repairs to old gates and sluices were not included in the origin 
contract, but, after examination, as much as possible was done in the 
time available during the first season to repair the gates and other details, 
The gates were straightened. Fractured and weak members were replac od 
by new or straightened ones. New top and bottom bearings to the heel 


provided, together with new clapping sills. New and strengthened castin, : ; 
were fitted to take the operating chains on the bottom of the gates. Ne 
brass facings to the penstocks and flushing sluices were fitted. 


i, 
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tiled Cut-Offs. 

In addition to the West Rotinoff reinforced-concrete cut-off, previously 
escribed, two lines of universal steel piling were driven below the new 
impermeable concrete floors for the complete length of the barrage, one 
ow oneach side. These acted as cut-offs, and, being situated close to the 
outer edge of the concrete floors, formed watertight seals to prevent any 
escape of grout from below the floors. The piling joists were 15 inches by 
5 inches in section and weighed 39:5 Ib. per foot. The clutches weighed 
15-5 lb. per foot. The bottom of the piling was at distances of 3-5 metres 
and 2-5 metres below the concrete floors upstream and downstream of the 
barrage, respectively. 

As a precaution the upstream line of piling was continued along the 
front of the abutment on the east bank and returned around the end. 


Extensions of the Barrage Floor. 

__ The existing floor was extended on both sides of the barrage in 6-to-1 
mass concrete bonded into the old work. The upstream extension was 
14-5 metres, and the downstream 19 metres, wide. The average depth 
was 2-4 metres and the floor extension enclosed the top of the original 
cast-iron piling which contained the old floor. The top of the new concrete 
floor at the outer edges was at R.L. 43-25, which was the average original 
river-bed level. The floors were sloped up to meet the new granite 
pitching and weirs of the sluice-gate vents. 

The concrete floor was laid in two lifts, the lower one being 1-1 metre 
deep. The concrete was deposited from ‘“ Decauville ” wagons running on 
gantries, with a maximum drop of 2 metres. The concrete was mixed in 
two batteries (one on each side of the barrage), each of four Ransomes 
mixers. ; 

The excavation for the upstream floor and apron necessitated the 
removal of the original rubble and clay, which, as mentioned previously, 
were found in perfect condition. The foundation below consisted of the 
dark river silt with fine sand in it, which, when disturbed, became soft. 
Observations during the Rotinoff pile-driving showed that the sand 
became lighter in colour and coarser at lower levels. 

The foundations, when excavated, contained a number of springs of 
infiltration water rising upwards. Many of the springs moved forward 
as the concrete covered them. The water from the springs was collected 
in rough earthenware pipes and was led to the sumps. In certain places 
where the bottom was soft, owing to temporary sumps or to having been 
churned up by pile-driving activities, the mud was removed and replaced 
by sand in bags. The earthenware pipes taking the drainage to the 
sumps were covered with concrete, the covering being kept just ahead of 
the bulk concrete being deposited. The joints were not wrapped with 
canvas. Vertical mild-steel stand-pipes, 2 inches in diameter, were fixed 
in the earthenware pipes at intervals for grouting purposes. 
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On the downstream side of the barrage the foundation for the ne 
floor proved to be the remains of a layer of gravel put in originally below | 
the rubble apron of the old work. This made an excellent foundation? 
and little trouble was experienced with springs, which were treated in the & 
same way as on the upstream side. 

Provided that there was no water extraneous to the new foundation, , 
two sumps on the upstream side and one on the downstream side sufficed | 
for a length of about 180 metres. The upstream side was divided into) 
two sections, so far as drainage was concerned, by the concrete piled cut-off, . 
thus entailing the extra sump. In normal cases one 6-inch pump easily 7 
sufficed to take the drainage water in a sump. Additional sumps had t6” 
be used in cases where extraneous water was encountered. 

The concrete deposited in the floors, when the work was proceedin a 
normally, ranged from 350 to 700 cubic metres per day of 10 to 12 hours. | 
The higher figure was maintained when concreting was in progress on both 
sides of the barrage. The average over the 104 working days of the 4 + 


metres (608 cubic yards) deposited per day. 


Transverse Cut-Offs under the Floor Extensions. 


As the work progressed steel sheet-pile cut-offs were driven across | 
and under the new floors at vents Nos. 13, 39, and 66, commencing at the 
old cast-iron piling of the original floor on both sides of the barrage. Thes 
were later connected with the outer row of sheet-piling of the back ené 
of the following season’s sudds. . 

Steel piled cut-offs were also driven below and housed into the floor | 
extensions at the ends of each season’s work. They formed a protectior 
from scour during the following high river and held back any flow of ° 
water from under the scar end at the beginning of the next season’s work; 
they also enabled the grouting below the floors to be carried out efficiently, 
That driven at the end of the third season’s work gave trouble later. 


Sumps in the New Work. — 


As the new work progressed the water in the sumps left behind was. 
allowed to rise gradually, thereby keeping down the induced flow of © 
water from the work behind. As soon as the foundations of the new worl i 
ahead of any sump were sealed by a transverse piled cut-off, the sump was — 
concreted. This was carried out in the usual manner, as described in & 
Paper by Mr. A. R. Ellison!, M. Inst. C.E. 


1“ The Nag-Hammadi Barrage, Upper Egypt.” Minutes of Proceedings Inst. C. oF 
vol. 232 (1930-31, Part 2), p. 340. 9 
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reatment of Water Encountered in the New Foundations. 


Less water was encountered in the execution of the new work than 

ight have been expected. Such springs as were met with in the new 
ors on both sides of the barrage caused no undue trouble. Throughout 
re entire length of the barrage and lock walls there was a small seepage 
water from below the old work, which issued over the top of the cast- 
on piling enclosing the original structures. This was collected into pipes 
nd led without difficulty to the sumps, with the exception of certain 
bnormal flows. At five points, during the course of the contract, special 
heans had to be adopted to deal with abnormal flows of water. In 
hese cases the general procedure adopted was to isolate the flow by 
heans of diaphragms of steelwork piling, collect the water, and pipe 
to suitable sumps, after which the foundations were completed. 
The most serious case of seepage occurred at the junction of the down- 
tream end of the old west lock wall and the new extension. In this case 
bsoil water from behind the lock wall and from under the lock was 
apped, and, at one time, partially filled two 9-inch pipes, the flow 
mounting to about 400 cubic metres per hour. This gradually decreased. 
The toe of the old wall settled about 0-045 metre. Since the grouting 
f the foundations and completion of the wall there has been no further 
novement. 


routing under New Foundations and Existing Work. 


- Grouting is highly important in works of this description which are 
onstructed on alluvial foundations. Under the contract, holes had to 
e drilled through any of the existing work, if required, to enable grouting 
5 be carried out. The foundations of all new work were grouted under 
ressure. To enable this to be done without possible escape of grout, all 
ew work was enclosed inside sheet-piling. In normal circumstances the 
wength of the grout was 1 part of cement to 4 parts of water, by volume, 
his being found the most satisfactory mixture. In special cases, where 
ravel of the grout was not required, the proportion of the cement was 
nereased, Pressures in excess of 30 lb. per square inch were allowed only 
on exceptional cases. 

Sixty holes were drilled through the existing floors and grouted. These 
ook 21-6 cubic metres of cement, of which 28 per cent. was taken in vents 
Jos. 28 and 33, where springs were responsible for abnormal outflows of 
vater from under the original work. Considering the total area involved, 
he quantity of. grout taken was relatively small, showing that few 
avities existed under the old work. 

_ Grouting under the new work was carried out through 2-inch-diameter 
tand-pipes left at foundation-level at all junctions of old and new work, 
t all construction-joints, at suitable intervals in all earthenware drain- 


yipes in the foundations, in the sumps, and in any places where water- 
Ip 


‘ in grouting below the upstream floor executed during the third season, / 
The reason for this was a flow of water from under the third season’s work | 


ae 
f 


travel, below the foundations, might be expected. Grouting was norma! 
the last operation of a season’s work, and was not commenced until t 
various sections of the work had been completed and sealed by the sh 

piling, the pumps in the floor sumps stopped, and the water-table allow 
to rise to the natural levels, thus ensuring that there was no flow existin; a 
below the foundations. 


stand-pipes ahead, which were thereby grouted solid. Usually the pressure 
in a stand-pipe suddenly rose to 30 lb. per square inch, and refused to: 
rise further. The apparatus was then moved ahead to the next pipe which 
would take grout and the process was repeated. Sometimes the grout 
travel jumped from one line of drain-pipes to another, showing that cavities 
caused by water channels had been found and grouted. When grouting 
was commenced it was continued by day and night, without cessation, 
until the area to be treated had been fully grouted. 

Excluding grouting rendered necessary by abnormal springs or other 
reasons, the new impermeable concrete floors of the contract took 327 cubie 
metres of cement in grout in the foundations. The quantities of cement 
used in grouting under the new floors were :— 


. 


Upstream of the barrage: 0-0195 cubic metre per square metre of ’ 
floor. 

_ Downstream of the barrage : 0-0065 cubic metre per square metre of 
floor. 


The difference is due to the better foundation on the downstream side of | 
the barrage, and to the probability that the greater head on the upstream 
side caused more water-run and consequent cavities. 
Special grouting was carried out in places where abnormal flows of 
water were encountered. The flows of water encountered in the apron floor | 
of the east wall of the lock, the extension of the downstream east guide- 
pier, and the extension of the downstream end of the west lock wall wer 
all interconnected, and were grouted simultaneously through the various — 
sumps and pipes. The cement used amounted to about 20 cubic metres 
It was impossible to locate the destination of some of the grout. q 
About 47 cubic metres of cement was used during the fourth seasot 


which entered the fourth season’s foundations and had to be dealt with. — 
Holes were drilled through the third season’s floor and grouted to refi sal. 
after the fourth season’s work had been completed and all water-flow had 
been sealed. = 


The total quantity of cement used in grouting for all purposes amoun ia ; 
to 368 cubic metres (508 tons). 
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Flexible Concrete-Block Aprons. 

On both sides of the barrage, outside the impermeable concrete floor, 
rotective flexible aprons were constructed, 10 metres and 17-5 metres 
wide on the upstream and downstream sides respectively. These con- 
isted of pre-cast 6-to-1 concrete blocks, 1-5 metre by 1-25 metre in plan 
and 1 metre deep, each weighing about 4:5 tons. These blocks were set 
level and were tightly jointed on a bed of hand-packed dry rubble, 0-5 
metre thick. 


Upstream Toe. 

The new floor and block apron are contained in, and protected by, a 
continuous 6-to-1 mass-concrete toe, 2 metres wide and 2-5 metres deep. 
This was constructed inside temporary steel sheet-piling, which was 
subsequently withdrawn. The toe was put in as soon as de-watering was 
completed, and was instrumental in holding up much infiltration water 
which would otherwise-have had to be dealt with in the foundation of the 
new floors. 


Downstream Flexible Toe. 

As a protection against scour, the new work was contained by a toe 
2-75 metres wide and 4 metres deep. This was constructed of pre-cast 
tongued-and-grooved concrete blocks, set in sloping bond of 1-24 horizontal 
to 3 vertical. The blockwork was set by divers on prepared broken-stone 
beds in a temporary steel-piled trench. Progress more than kept pace 
with the construction of the trench and the excavation by grabbing. The 
fourth season’s work consisted of 200 linear metres, comprising 700 blocks. 
Apart from the pile-driving and excavation of the trench, the actual block- 
setting took 32 days. 

The blockwork finally settled down as the extraction of the sheet-piling 
progressed. A superstructure of mass concrete was then built on top of 
the blockwork. No subsequent settlement in the toe has taken place. 
The sloping block toe has the great advantage of being flexible, and, more- 
lover, it involves far less work on the site in the way of pumping, shuttering, 
concrete-mixing, and transport than is required with mass-concrete 


construction. 


Disposal of Old Concrete Apron-Blocks. 

About 4,000 old blocks were laid downstream of the new work at the 
same level as the new flexible apron and toe. This was a satisfactory 
means of disposal and is to the benefit of the work generally. 


New Masonry in the Sluice-Vents. 

(3 New granite floors and sills were built on the original floor in all sluice- 
vents throughout the barrage. The granite pitching was bonded into the 
4 impermeable concrete floors on both sides. A granite weir, Taised 


— - 
= 


the efflux. . 


diately above the floor-level as a protection against erosion, and stop-log” 


hy 


1 metre above the upstream floor, was provided to form sills for the 
sluice-gates. A fine-axed staunching strip was dressed in situ on 1 
surface of the granite sill-stones to take the bottom edges of the mild-steel 9 
sluice-gates. ; 


Cast-Iron Wearing Plates. 


As a protection against erosion of the limestone facing on the inside: 
of the piers, cast-iron wearing plates were set in the masonry, reachi 
to a height of 0-7 metre above the sloping granite-pitched floor of 
vents. These extended from the new grooves for the gates to the grani 
ashlar facing at the downstream end of the pier extensions referred 
later. 


Weirs Downstream of the Barrage. 


_ Two granite weirs for the full length of the barrage were provided im | 
the new work on the downstream side. One weir is situated 20 metres | 
below the sluice-gates, clear of the downstream ends of the piers, and 
acts as a baffle to break up the force of the efflux from the sluices. The | 
second weir is situated in the mass-concrete superstructure of the down- 
stream toe, at a distance of 56 metres below the sluice-gates. This tends | 
to deflect the flow upwards for some distance, with a resulting under-flor 
in a reverse direction, thus preventing scour immediately downstream of 
the apron and toe. These granite weirs are 0-75 metre wide and stand 
0-5 metre above the floor or toe, a similar depth being embedded into the 
solid work. 


Pier Extensions. 


There was sufficient width in the original barrage floor to permit such _ 
lengthening of the piers as was necessary to give the required stability, 
and also to allow the roadway to be widened from 4:5 to 8 metres. Th 
existing masonry of the downstream ends of the piers was cut away ant 
the core was left rough to form a bond for the new extensions. Thes 
extensions amounted to an additional 4-53 metres and 5-9 metres, at the 
old floor-level, to the small and abutment piers respectively. The new 
downstream faces were carried up plumb for a height of 4-6 metres, where 
they were stepped back to take the superstructure and arches. Thi 
downstream ends were shaped to a form best suited to the dissipation o 


Two courses of granite ashlar were provided in the new work imme- 


grooves were provided in the pier extensions to facilitate inspection and _ 

any necessary repairs in the future. a 
The junction between the old work and the pier extensions wai 

strengthened by the use of fishtailed and cranked steel ties, 1} inch in 


ied 
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jameter, grouted into the old work and built into the new work. The 
acing of the extensions consisted, as in all the other new work, of lime- 
tone coursed ashlar, string courses, quoins, and limestone mosaic facing, 
with limestone-rubble hearting, set in mortar. The same method of 
onstruction was applied to the pier extensions of the Ibrahimia regulator. 
There are no signs, so far, of cleavage of any sort at the junctions of 
he old and new work. 


Superstructure of the Barrage and Ibrahimia Regulator. 


The original downstream parapet, the pier-cappings, the outer ring 
bf the voussoirs of the arches, and some of the roadway and spandrel 
filling had to be removed in order to carry out the widening. Single-way 
oad traffic was preserved throughout the operations. 

The arch extensions were built (4-to-1 fine granite concrete faced with 
imestone voussoirs) as the pier extensions were completed. The concrete 
over the piers, and in the haunches of the arches on each side, was deposited 
in one operation, and, after 3 days had elapsed, the concreting of the 
srowns was completed. Fixed periods were adhered to for the loading of 
he arches. 

As the downstream parapet of the barrage had to take one of the rails 

for the travelling sluice-gate-operating machines, the construction con- 
sisted of through stones with the usual mosaic facing at both ends. The 
upstream parapet walls, which contained the sluice-gate well, were repaired 
where necessary and were altered in minor details, without removal, to 
conform as far as possible with the new work, and to take the upstream rail 
of the new operating machines and the steel spragging trestles for the new 
sluice-gates. 
Many of the original arches contained cracks, the movement in which 
is seasonal. Appliances for accurate measurement were provided. A few 
lof these expansion cracks have already shown up in the new work, and 
doubtless more will do so in the future. 


Service Mains on the Barrage and Regulator. 

Pipes for carrying the water-service, electric power-cables, and tele- 
phone-cables were provided in suitable trenches under the roadways and 
across the locks, and were fitted with the usual manholes, draw-boxes, 


and hydrants. 


Roadways. 

The old bricks were removed and the roadways were entirely surfaced 
with asphalt bricks set in a cement-mortar bed. The bricks are made in 
Egypt and measure 0-23 metre by 0-11 metre by 0:05 metre. They stand 
up to the climate and traffic. ar 
s The existing 0-60-metre-gauge “ Decauville” track was taken up and 


fia 


- means of screwed pins in the lifting-bars on the gates. 


_ walls. The undercarriages are so designed that when the machines take 


| 
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relaid or renewed. This track is primarily for the transport of sluice-gates | 
or other heavy gear requiring repair. 


Barrage and Regulator Approaches. 
The parapets were finished off with suitable pilasters. The roadways — 
and footways leading to the bridges were finished off with curbs an 
granolithic paving. Flights of steps were provided to the lock —— 
and guide-piers. 


Vew Sluice-Gates and Operating Machines. 


One hundred and ten pairs of new gates on the barrage, and nine pairs 
on the Ibrahimia regulator, were provided and fitted by Messrs. Ransomes | 
& Rapier, Ltd., under a sub-contract. The work included the removal of 
the old cast-iron sluice-gate grooves by the main contractor, and the — 
demolition of sufficient masonry in the piers to allow the fixing of the new 
and larger grooves. The grooves are of “E” section and provide the 
machined paths for the gate-rollers and faces for the gate staunching-bars, 
The groove sections are 3-33 metres in length, and, with the exception of _ 
additional short top lengths in the regulator, are interchangeable. They 
are held in position by 14-inch-diameter bolts through the piers. The new 
bolts were spaced to clear the original bolts, which, therefore, did not have \ 
to be cut out. 

The grooves were provided with cast-iron base-plates at the sill-level | 
to avoid erosion. They were erected in lengths, and the machined staunch- _ 
ing-faces were kept dead plumb and opposite each other, by means of — 
special optical instruments. The grooves were grouted in short lengths to _ 
avoid possible movement due to excessive heads. 

The new sluice-gates are each 5 metres wide. There are two in each 
vent and they are each 3-55 metres deep; each leaf weighs 6} tons. 
Specially-rolled sections had to be used in the construction to obtain 
the necessary stability. The skin plating is } inch thick. Four rollers 
are fitted to each gate at each end. They are 15 inches in diameter, with 
treads 44 inches wide. The gates are fitted with adjustable staunching- 
bars on the ends, which are set so as to give a clearance at both ends of 
1} millimetre from the machined faces of the new grooves. Expansion 
may take up half of this clearance. New operating chains were provided, — 
the links of which are 10 centimetres in length. The adjustment is by | 


In order that the new gates can be lifted clear of the flood-level it wa 
necessary to provide steel-framed spragging trestles, which were fixed at 
each pier and spanned the sluice-well. The two overhead travelling 
operating machines span the roadway, and the rails are on the outer parapet 


the weight of the gates the load through the ground wheels is directly over 
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ee The machines are fitted with duplicate sets of petrol engines 
which provide sufficiently high lifting, traversing, and travelling speeds to 
sarry out normal regulation on from twenty to twenty-five vents per hour 
ith ease. They are also fitted with two small hand jib-cranes for use in 
handling the stop-logs upstream and downstream of the barrage when 
equired. The machines are provided with electric-light sets for night work. 
- It was not possible to erect the new grooves and gates in the dry 
Huring the first season because no operating machines or other facilities 
ere available at that time for handling or operating the gates. The 
work in vents Nos. 2 to 15 had, perforce, to be carried out inside stop-logs 
iring the second and third seasons. The remaining grooves and gates 
W ere fitted in the dry during the second, third, and fourth seasons. 


smodelling of the Ibrahimia Regulator. 


_ The pier extensions and superstructure widening were carried out to 
: design similar to that employed on the barrage. The old masonry floor 
as left undisturbed except in places where a few holes were repaired. 
ew granite sills at the same level as the old floor were built in to take 
e new gates. The main masonry work below water-level in connexion 
th the piers was carried out in the second season, during the “ closure ”’ 
on, when the canal was almost empty and the river-level was especially 


_ A sudd was formed by putting in the stop-logs on the upstream side 
‘the regulator, and by building a box-dam on the downstream side 
inforced with sandbags. 

_ Nine pairs of gates, of similar design to those in the barrage, with new 
Tooves, were fitted into the sluice-gate vents at convenient opportunities. 
A new hand-power operating machine was supplied. 


Lighting of the Barrage and Regulator. 

Lighting was provided by standards spaced about 32 metres apart, 
ith the lamps blanketed on the upstream side for navigational reasons. 
The electric power is supplied from the municipal mains. 

ft Bridges. 

New electrically-operated single-hinged-leaf lift-bridges were provided 
1d erected by Messrs. Sir William Arrol & Co., Ltd., one at the Ibrahimia 
ator and another at the barrage spanning the downstream approaches 
the locks. The design was governed by the following factors: 
modern loading conditions ; (2) the limited extent of the foundations of 
existing swing bridges ; (3) the increased width and alignment of the 
ways; (4) the necessity for maintaining the road and water-borne — 


fo. ; s 
The lifting leaf of the barrage bridge has a span of 17-98 metres and 


SL y 


_ other similar structures as to the condition of the steelwork. Apart fro. a 
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weighs 64 tons. The regulator bridge has a span of 10-91 metres anc 
weighs 34 tons. The main towers were sited on the old bridge foundat: ons § 
which were corbelled out and reinforced. The steel structures carrym 
the counterbalance weights are carried on 14-inch by 14-inch reinforced 
concrete piles, In the case of the barrage bridge these piles had to be 
18 metres long, and before satisfactory sets were obtained the bottoms of 
the piles were driven about 2-3 metres below the bottom of the lock-wal 
foundations. 

The normal operation is by electric motor through oil-filled variable 
speed gearing, and, in the case of the barrage, it takes 2 minutes to lift op 
lower the leaf. Hand gear, taking 7 minutes to operate, is provided 
emergencies, and in the case of the barrage bridge it is augmented by 
petrol-driven motor taking 4 minutes to operate. 

During the construction of the bridges, road traffic was carried on 8 
temporary steel bridge, which was lifted out of the way by a hand derrick 
crane in order to allow river and canal traffic to pass. 


Painting of the Steelwork. 


No painting or treatment of the steelwork was allowed prior to arriva: 
on the site, with the exception of meeting faces during construction in 
England. The mill scale was removed after delivery. The bridges: 
hand-rails, operating machines, and spragging trestles all received coats 
of red-lead and white-lead paint, and final coats of dark battleship-gre | 

Attention was directed to the steelwork which was to be immersed im 
water. Experiments were made during the contract with various cindd 
of bituminous paint and tar preparations, and data were collected ' 


consideration of the best results which had been obtained up to that 
time, the decision as to the form of coating to be used had, as in most 
other structures, to be governed by the quality of the maintenance that 
the structure might be expected to receive. Results seem to show, in cast * 
where good and efficient maintenance may be expected, that a good tar 
composition, well applied, will give ample protection to the metal, with the 
added advantage of economy of cost. A good mixture has been found 1 
be: tar, 80 per cent. ; pitch, 9 per cent. ; lime, 3 per cent. ; naphtha, 8 pen 
cent. (proportions are by weight). In cases where the quality of mainten- 
ance may be doubtful, the initial cost of red-lead coats would appear to. 
warranted to ensure the best protection to the metal for as long as possible ! 
Superimposed coats of a good tar preparation appear to be satisfactory 
and cheap. 


WATER AND Pumps. 


The water from all the subsidiary pumps in use during the executio 
of the new work was led to the main sumps, three on each side of the 


ba 


barrage. The main sumps, after the first season, were constructed by 
grabbing holes at the required spots before de-watering the sudds. Rings, 
varying from 4 to 6 metres in diameter, were made of Larssen interlocking 
piling 2-3 metres deep. These were lowered bodily into the prepared 
holes. Pontoons containing the pumps were moored, and, on de-watering, 
ere in position at the sumps. Before re-watering, the rings were jacked 
up and removed bodily by floating plant when the water rose. Hight 
electrically-driven 12-inch pumps and six oil-driven 10-inch pumps were 
‘quite sufficient. 

The quantity of infiltration water dealt with was less than on most 
‘orks of similar type by reason of the special sudds. Figures, purporting 
give the quantity of water pumped on work of this description, are bound 
to be very approximate owing to the cost and difficulty of gauging, and also 
because the quantity varies from day to day according to the pro- 
gress of the work and the conditions in the foundations. A fair average 
may be taken from the third season, when the water dealt with, after 
de-watering the sudds, may be said to have gradually decreased from 
3,100 cubic metres (700,000 gallons) per hour to about 1,900 cubic metres 
17,000 gallons) per hour at the end of the season. During the first season 
ae figures were probably 50 per cent. greater, owing to subsoil water from 

bank. 
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MATERIALS. 


About 39,000 tons of cement was used on the contract ; it was supplied 
by Comptoir des Ciments, whose works are situated on the east bank of 
the Nile, a short distance south of Cairo. Each consignment of 250 tons 


i 


was inspected, tested, and analysed at the factory by the Inspecting 
ngineer, Mr. R. H. H. Stanger, Assoc. M. Inst. C.E., in compliance in 
very respect with British Standard Specification No. 12, dated November 
931. 


All cement was transported by rail in closed wagons, to avoid risk of 
amage by water, and was further tested after arrival at Assiut; the 


results were satisfactory in every way. 
Clean, coarse, sharp desert sand was procured from a deposit at 
Marashda, about 250 kilometres upstream of Assiut. 

‘The granite required for the weirs, the sills, the pitched floors of the 


ents, the lower courses of the pier extensions, and the broken aggregate 
concrete, was taken from a quarry at Aswan. 


hoy 
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Inmestone. » | 
About 2,800 cubic metres of dressed ashlar, 14,000 cubic motiell t 
rubble for masonry hearting, and 53,000 cubic metres of crusher-bro et 
hard limestone for concrete were supplied from a quarry at Issawia, a ij 
old 


120 kilometres upstream from Assiut. 
A large quantity of the existing fine-dressed limestone from the 
work was redressed and incorporated in the remodelled structure. 


Gravel. 


About 53,000 cubic metres of graded gravel were orp fro 
deposit a few kilometres upstream of Assiut. 


CONCRETE. 


_ Electrically- -driven mixers were used for most of the concrete ; 


revolutions per minute. 

The aggregate consisted of crusher-broken hard limestone with a 
equal quantity of the graded gravel. To this was added about 50 per cents 
of sand, which was slightly varied as required. All the crushed stone a a0 
gravel was washed to remove dust. 

Concrete test-cubes, 6 inches by 6 inches by 6 inches, were made front 
each consignment of cement, and a number of these were sent to Englan 
for testing. The crushing load averaged about 5,000 lb. per square inch. 

The average weight of the broken limestone and gravel concrete wa 
slightly under 150 lb. per cubic foot. 


‘ ' PLANT. 


The work was well equipped with plant, most of which the contractors 
were fortunate in finding in Egypt. An electric power-station was 
installed in the contractors’ yard, and supplied the power for lighting. 
pumps, and all other plant except locomotives, travelling cranes, and 
floating plant. 


YARDS AND Raitways. 


The contractors’ yard, at the west end of the barrage, was connected 
by rail with the Egyptian State Railways. Accommodation was also 
provided for the necessary offices and sub-contractors’ yards in the same 
area, 


Lazour. 


The provision sah all stone and sand, the working of the qeartiegs and 
the building of all masonry was carried by various approved sub-co 


e. . 
ar 
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actors under the supervision and direction of Messrs. John Cochrane 
& Sons, Ltd., the main contractors. Sub-contractors were also employed 
or the excavation. The maximum number of men employed was about 
000, the minimum being about 200 during the high-river period. Most 
f the unskilled labourers during the working seasons were imported from 
urther south, in upper Egypt. 


MeEpiIcaL REQUIREMENTS. 


In accordance with the contract, Messrs. John Cochrane & Sons, Ltd., 
provided a small fully-equipped hospital with a resident medical officer 
and a qualified nurse. Fortunately the general health of the staff and 
employees was good, and so there was no great demand for this accom- 
modation and the service provided. The number of deaths due to 
accident was sixteen. 


Main Progress Dates. 


_ It was found during the second, third, and fourth seasons that the 
alling river-flow did not allow pile-driving to commence before the last 
week in October. The rising river necessitated the re-watering of the 
sudds at the end of June at the end of the first season, and the cessation 
of all work in the river in July. Pie tp 

| With each successive season the contractors’ organization improved, 
ith the result that the season’s work was completed at an earlier date. 
The contract date for completion was the 14th October 1938. The actual 
date of completion was the 14th July 1938. 


INSPECTION AND GENERAL SUPERVISION. 


_ Government inspectors were stationed at the various quarries, under 
he supervision of the Resident Engineer. 

_ The steelwork was inspected in England, under the supervision of the 
Consulting Engineers. 

_ The general supervision of the contract was carried out by the Egyptian 
Government, directed by the Ministry of Public Works. His Excellency, 
Hussein Sirry Pasha, Minister of Public Works, had been the prime mover 
in the scheme since its inception. 

The Resident Engineer, Hamid Suleiman Bey, was in charge at Assiut, 
h the necessary staff of Egyptian engineers, inspectors, draughtsmen, 
nd clerical assistants. A British staff of three, including the Author, was 
appointed by the Egyptian Government, on the nomination of the Con- 
sulting Engineers, to assist the Resident Engineer. 

The Consulting Engineers to the Egyptian Government were Messrs. 
de, Wilson, Mitchell, and Vaughan-Lee, who were responsible for the 


Mee 


design and execution of the contract. Mr, A. G. Vaughan-Lee, M. Inst: 
C.E., gave his special attention to the work, and visited Assiut each wor 
ing season. ; . 
The preliminary investigations were carried out by the technical stafi 
of the Irrigation Department, which also supplied other necessary informa 
tion and requirements prior to the preparation of the contract documents, . 
Mr. F. W. Stephen, M.C., M. Inst. C.E., was the Director-Agent in charge 
at Assiut for the firm of Messrs. John Cochrane & Sons, Ltd., during the 
execution of the contract. Mr. Ivor Freeman, B.Sc., Assoc. M. Inst. C.H.. 
was his senior executive officer during most of the contract. He was alsa¢ 
assisted by a staff of British engineers and foremen, together with Egyptiam 
personnel. 


CoMPLETION AND Cost OF CONTRACT. 


The contract was completed on the 14th July 1938, 3 months ahead of 
the contract date. The maintenance period of 1 year commenced as fro! 
that date. 

The contractors, Messrs. John Cochrane & Sons, Ltd., are to be co y 

_gratulated on the efficiency of their organization, which enabled the: 
difficult first season to be completed according to programme, and on 
the successful completion of the contract. 

The final cost of the contract, together with extras and such additional. 
work as was carried out, amounted to £E£1,115,979. This compares wit 
the Consulting Engineers’ final estimate of £K1,111,438, based on the 
schedule quantities, and the contract price of ££1,140,140, which included! 
£50,000 for contingencies, all of which was not spent. 

Upon completion of the work, His Majesty King Farouk I inaugurated’ 
the recommission of the barrage and Ibrahimia regulator at a ceremony; 
held on the 24th January 1939. 


The Paper is accompanied by seven sheets of drawings, from some Gf 
which Plate 1 and the Figures in the text have been prepared, and by 
the following Appendix. L 
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bee APPENDIX. 
i SUMMARY OF PRINCIPAL QUANTITIES EXECUTED EACH SEASON. 
First Bevend Third saston 
Season, 1935-36 Season, 1937-38. 
1934-35. Gertificate 1936-37. Certificate Total 
Certificate No. 19, 31st Certificate No. 34 
No. 7, 31st ‘August No. 27, 30th} (completion) 
July 1935. 1936. June 1937. | 14th July 
19388. 
es away and Hees 
¢ metres 2,021 1,952 1,629 4,651 10,253 
vation : cubic fisted: 54,214 55,426 36,001 35,598 181,239 
orced-concrete piles: cubic 
: ees 628 517 392 496 2,033 
piles : tons 551 307 292 292 1,442 
3 concrete: cubic metres 22,925 26,399 19,735 20,609 89,668 
srete blocks : cubic metres 7,177 8,447 6,801 6,833 29,258 
ble masonry : cubic metres 10,201 3,287 2,171 1,899 17,558 
granite: cubic metres 1,027 1,484 1,239 1,209 4,959 
limestone: cubic metres 605 1,517 833 842 3,797 
ole pitching : cubic metres 4,128 4,004 3,555 3,039 14,726 
22 vents | 32 vents | 27 vents | 29 vents 
and and and and 
lock. Ibrahimia | Ibrahimia | Ibrahimia 
piers. gates. gates. 


f= 
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Discussion. 


The Author, in introducing his Paper, showed a series of lantern-slides 
illustrating the works described, and pointed out that one of the moss 
interesting features of the work was the fact that the old cast-iron sheet; 
piling on the upstream side of the old floor of the barrage was in extremel 
good condition after 35 years’ service. | 

The reasons for deciding to remodel, rather than to rebuild, the Assit’ 
barrage, were set out in the Paper, and he thought that the success of tha 
work had justified that rather bold decision. He wished to allude to th 
importance of the research station of the Irrigation Department, nea 
Cairo. It had been of immense value while the work was in progress, and 
in the preparation of the design the large-scale models of sluices, gates 
and so forth, had been extremely useful in the making of what might 
termed intelligent guesses as to what was going to happen. 


mentioned in the Paper. They had been made on the site. Cement was 
tried for permeating the material which was at the bottom of the river 
bed, but it was quite useless; it would not permeate at all. Chemicald 
were also tried, but they required such high pressures that they could not 
be used with safety. A bituminous composition was then tried, and, as 
it proved satisfactory, it was adopted. | 
It might be thought that the sudds were too large and expensive, bt 
it was necessary to prevent any possibility of damage to, or failure of 
the existing structure ; therefore the Engineers paid for the sudds in the 
contract price. The back ends of the sudds had to be made tight, because 
it was not considered safe to touch the old work. That was done b 
means of the Francois cut-offs underneath the old work and the sheeting 
underneath and above the new work. There was only one case of seepage. 
but it was noticed at once, due to the careful inspection of the sudds. 
There was some subsidence, which proved that there was water flowing 
and an imperfect joint was found in the piling which was planted on toy 
of the floor of the previous season. The variation in the hydraulic gradients 
in the sudds was very great. Experiments were carried out, and it wat 
rather a question of averaging on the different sections taken. Ther 
was an enormous difference in the nature of the sand. On the upstreai 
side the sand was very impermeable: the river coming down was full 0 
vegetable and other matter which made the sand impermeable. That wa 
proved by excavations in the sudds. 


OF THE ASSIUT BARRAGE, EGYPT. 331 


It was necessary to be very careful to remove all rubble in the bottom 
of the river. At the end of the third season a small quantity of rubble 
was left, with the result that a deep hole was formed. 

The most serious case of leakage of water had occurred when the 
extension of the west lock wall was being carried out and a certain amount 
of subsoil water was tapped. Fortunately Mr. C. M. Norrie was there 
at the time, and he realized at once that it was necessary to localize and 
ontrol the water immediately, as otherwise the whole wall would have been 
endangered. With that exception, very little trouble was experienced 
with water. 

In the first season it was not possible to put the new gates into the 
sluices, because there was no operating machine, and the old gates, which 
had timber stanching-pieces on the bottom, had to be used on the new 
granite sills. It was found afterwards that there were some small holes 
n the bottom of the stanching-pieces, and erosion had taken place in the 
solid granite, amounting in one place to from } inch to 3 inch. That was 
evidently due to the passage through the small holes of the water and sand 
ander a head, acting as a sand-blast on the granite. That showed the care 
that had to be taken to see that there was a dead tight fit between the 
bottom of the gates and the sills. 

__ The reason why swing bridges were not.put in was that the old founda- 
tions had to be used as far as possible, and the extra width required ruled 
phat out. 

| He had not attempted to give any accurate information about the 
mount of pumping, because he did not think that it was possible to do so. 
Mn work of the kind in question the water to be pumped varied from day to 
day according to the state of the foundations and whether it was the 
beginning or the end of the season, so that the figures given in the Paper 
were only approximate. 

— When he went to the work on the Assiut barrage he had had practically 
mo experience of the metric system, except in France during the last war, 
but he found it extremely simple and valuable. Within a month he was 
working in it and within 3 months he was thinking in it. He hoped that 
e day the metric scale would be adopted in Great Britain. As an 
instance of its simplicity, he would refer to the statement in the Paper 
that the amount of cement used in grouting under the new floors upstream 
of the barrage was 0-0195 cubic metre per square metre of floor: a glance 
showed that the average depth of cement underneath the floor was 
1-95 centimetre. 

In conclusion, he wished to express his gratitude to Mr. Vaughan-Lee, 
M. Inst. C.E., and his firm, for their help in the preparation of the drawings 
and in many other directions. 

Mr. M. F-G. Wilson observed that he had not seen the work described 
‘the Paper; but its design and execution had been under the special” 
harge of his partner, Mr. A. G. Vaughan-Lee, M. Inst. C.E., who had 


_ irrigation system on the west bank of the river between Assiut and Cai * 


~ cut-off, rather than by driving two rows of ordinary sheet-piling, excavatin; 


_ done in the cases of the Nag-Hamadi and Mohammed Ali barrages. Tt 


332 DISCUSSION ON REMODELLING » | 


sent to him from Egypt a memorandum which might be of interest to thh 
members. , 
In that memorandum, it was stated that the work of remodelling th 
barrage was of a delicate nature and required careful investigation, becaus§ 
in the event of a serious accident to the old structure, involving even it) 
partial collapse, interference would have been caused to the whole of il 


Therefore it was essential that every precaution should be taken to av 7 
risk of damage to the old barrage by possible undermining of the foundas 
tions or the collapse of a sudd when the sluice-gates provided within ¢ } 
sudd section were out of action. 

After receiving the report of the consulting engineers upon the tender 
submitted, the Government accepted their recommendation to award tl 
contract to Messrs. Cochrane. Unfortunately the award could not b 
made before October, so that the contractors were not allowed as much 
time as they would have liked to make their preparations for commencit 
the first season’s work in December. The Government had alreat 
arranged to stop navigation through the lock during the first season, ¢ 
that arrangement could not be altered, as the shipping companies ha 
already provided for the distribution of their craft, some upstream an 
some downstream of the barrage. Accordingly, it was essential that th 
work at the west end of the barrage, including the lock, should be underi 
taken during the first season, thus throwing very heavy work upon tha 
contractors during that season in comparison with the remaining three 
seasons ; but, by energetic prosecution of the operations, the speciall 
heavy first season’s work was concluded successfully. It would have 
been more advantageous to commence work at the east end of the ba 
and to proceed westward, thus leaving the heavy work at that end, including; 
the lock, until the last season, when the organization would have been 
more thoroughly trained to their work. Nevertheless, the work was 
completed satisfactorily before the annual flood, much to the credit of tha 
contractors. | 

The essence of the work was the necessity of avoiding damage to the 
old structure, and the sudds were designed so that there could be no : 
of failure, whilst the pumping arrangements were of ample capacity and 
were up to date in all respects. Those points were specially insisted upon 
in the contract and in interviews with the firms tendering. In order te 
avoid risk of undermining the old structure, the foundations of the latter 
were protected by Rotinoff reinforced-concrete sheet-piling, forming a 


oy 


o 


between them by sand-pumps, and filling in with concrete, as had been 


was felt that for such a structure ordinary steel sheet-piling would not fo 
so satisfactory or permanent a cut-off as would the reinforced-concrete 
sheet-piling, provided that absolute continuity of the piling, without am) 


* 


x 
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reaks, could be ensured. Eventually the design submitted by the late 
. Rotinoff was adopted, with certain modifications resulting from ex- 
eriments carried out in England. 
_ Further, in order to prevent undermining of the old structure by the 
pngitudinal travel, under the floor, of water coming from outside the 
udds, the provision of cut-offs formed by impregnating the ground below 
he floor of the barrage was included in the contract, and those were duly 
arried out. Holes were also drilled through the floor of the old structure, 
nd cement grout was applied under pressure. Those precautions ensured 
he stability of the old work, and its foundations were rendered thoroughly 
olid and secure. The old structure had always been regarded as rather 
nsecure, not because of any weakness in itself, but because of the risk, 
uring exceptional floods, of heavy scour occurring downstream of the 
york and causing the formation of pot-holes, which, by cutting back, might 
indermine the floor and lead to collapse. That was by no means an 
maginary risk, for serious scour had actually occurred, the holes thus 
ormed being replenished with rubble; and, although at one time pro- 
ection was provided by an apron of small concrete blocks, that protection 
yas not completely effective and scour still continued. Doubtless the real 
ause of the trouble was the insufficient length of the downstream floor 
nd its protective aprons; that defect had been remedied in the new 
esign. 
- When the consulting engineers received instructions to proceed with 
he design for the remodelling of the barrage, it was not intended to 
irovide new sluice-gates ; but while the contract documents were being 
repared the Government decided to install new sluice-gates with cast-iron 
rooves. That was a wise decision, as the old gates and grooves were of 
bsolete design and were in bad condition. 
The actual execution of the work presented no special difficulties. 
uch as had occurred were mostly in connexion with the upstream floor 
nd with the alterations and additions to the lock walls and their pro- 
ective aprons. Once the foundations were in and the risk of undermining 
y springs and floors of sand was overcome, the widening of the super- 
tructure of the barrage and the other works in the neighbourhood of the 
loor-level were quite simple. 
The total cubic content of the permanent work was not large, and 
he contractors were paid directly for the cost of the sudds and the 
ituminous cut-offs. If those had not been included as separate items in 
he schedule of quantities, the overhead charges would have been unduly 
_ The contractors should be congratulated upon having carried out the 
vork so successfully and satisfactorily, and well within the contract time. 
- Mr. C. M. Norrie said that, with regard to the cementated cut-offs, _ 
he pressure required. for the chemical process would have been up to. 
5O lb. per square inch, as compared with only about 30 Ib. per square 
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inch for the bituminous impregnation. Such a high pressure made 
adoption of the chemical process out of the question. The bitume’ 
system consisted of injecting a very fine emulsion of bitumen, there beir 
sn the mixture an emulsion breaker with a delayed action. The emulsic 
was so fine that it penetrated everywhere and filled all the voids in very fir 
sand, and the breaker then broke up the bitumen which filled the voids: 
The first season’s work, to which Mr. Wilson had referred, was, fron 
the contractors’ point of view, most strenuous. It was necessary to g 
the work started very quickly and in the face of certain immediate 
certainties. The first uncertainty was the possibility of driving the sud 
piling through the rubble protection which had been deposited in forma 
years downstream of the barrage. The second uncertainty was in regan 
to the old concrete blocks which had been deposited. It was first of ag 
necessary to explore their extent, and then they had to be lifted out by 
diver where the line of the sudd piling crossed the barrage. The old bloel: 
had no lifting-holes in them and were rather closely set, but they had sic 
grooves (which had to be cleaned out), and then slings had to be put dows 
underneath them. It was a somewhat laborious and tedious task for 
diver to do under water. i 
The rubble fortunately proved to be rather soft limestone and the pild 
went through fairly easily, only a comparatively small portion requirl 
cutting off at the bottom at the end of the season to make them fit for us 
in the next season’s work. 
All the pumping-sets in the sudded areas were on barges. They we 
the same pumping sets as had been used at the Nag-Hamadi barrage. © 
was thought that the most saturated area of the dried-out portion wot 
be close to the inner toes of the upstream sudds, and, rather unfortunate 
the pumping-sumps were placed in the first season close up to the toe, ver 


There was also another difficulty: the Rotinoff piling was jetted dowr 
and the amount of water required for that operation was very muc 
greater than had been anticipated, whilst unfortunately during the firs 
year everything had to be so hurriedly done that the quickest method 
getting down the piles had been adopted. In that method, which b 
could only describe as horrible, the pile was plunged up and down, whil: 
it was steadily lowered by its own weight. The result was, of course, that: 
thick “porridge” was brought to the surface, which clogged all tk 
drainage channels and the pumps. In the following seasons, when thet 
was no need for such speed, jetting and the hammer were used for gettin 
down the piling, and everything was much more orderly, and there w 
not so much interference with the excavation operations. a 
The total dredging required for the four sudds was about 1,300,000 cub 
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etres, and the total length of pile-driving was about 3,800 metres, 
involving the handling, driving, and drawing of about 1,950 tons per 
season. After the initial de-watering of the sudd areas, the amount of 
pumping required ranged between 25 and 9 gallons per hour per square 
metre of dried-out area. Those figures included pumping from both 
upstream and downstream of the barrage. Gaugings taken towards the 
end of the second season’s work gave figures of 7-8 and 12-0 gallons per 
hour per square metre, upstream and downstream respectively. It was 
peculiar that upstream, where there was a greater static head, less water 
had to be pumped than on the downstream side. The explanation might 
be that the rubble in the foundations downstream allowed a greater leakage 
through the sheet-piling. Also, the piling there was, he thought, a metre 
less in depth than the piling upstream. 

_ As had already been mentioned, the sudds were of very ample cross- 
ction. They could probably have been made less wide with safety, but 
was considered better to run no risks. As an instance of a much 
narrower form of sudd or cofferdam, he might mention that his firm at 


Ne 


present had one holding up 45 feet of sea-water, and it was formed of two 
rows of steel interlocking sheet-piling 34 feet apart, the rows being tied 
sgether with steel bars at intervals and filled in between with sand. 
Juring 2 years the total deflexion at the top had gradually increased to 
only about 2 inches. That barrier had been very successful and the rate 
‘of leakage through it had been very small. At Assiut it would have been 
uite impossible to put up that form of barrier ; there was no time for it, 
and dredging and piling had to be carried on concurrently. The wide 
sudds at Assiut had proved to be of great value in that they formed 
splendid sites for the storage of the concrete aggregate and dressed stone- 
work required for the season’s work, as the quarries were at a great distance 
m the site.. 

The rates of progress of the work were, roughly: excavation, over 
00 cubic metres per week; concrete in mass, 3,800 cubic metres per 
eek ; concrete blocks, over 1,800 tons per week; stone-setting, 320 cubic 
aetres per week. 

“He would like to record how very happy the work had been ; the 
ineers and contractors had got to know each other and had worked 
1 together. 

Mr. W.T. Halcrow said that a description of the design and construction 
a large engineering work was always of interest, but it was increasingly 
when it included a record of the conditions of an existing structure, 
ne foundations of which were exposed after 35 years of service. In the 
resent case the old work was found to be good and was incorporated in 
enlarged barrage. . - 

On reading the Paper he had been impressed by the amount of work — 
arried out in the first season. The contract was awarded as late as — 
October, and piling commenced in November. The quantities given in 


_ part of the jaw and the bulb of the next pile, although actually 


336 - HISCUSSION ON REMODELLING 


the Appendix to the Paper (p. 329) indicated that the first season’s wo! 
was the largest of the four required. There was an immense amount 
preliminary work to be done on a large contract in the assembly of plan 
labour, and material, and in the present case the contractors appeare d 
have achieved remarkable progress, necessitating good organization. 
The presence of cavities between and around the rubble masonr 
was mentioned in the Paper, and that recalled arguments on the rela 4 
merits of masonry and concrete for gravity dams. It was more diffiet 
to obtain homogeneity in a mass of rubble masonry in mortar than im 
mass of concrete, and there was therefore some risk of voids which m ? 
fill with water and cause uplift pressure. On the other hand, the s 
gravity of masonry was greater than that of concrete, and also—perha) 
a more important point—it did not shrink as concrete did in setting. . 
the whole, the advantage lay with masonry. In the case of barrages whic: 
consisted of a series of piers supporting gates, the problem of uplift pressur 
was not serious. | 
He had intended to ask the Author what was the condition of th) 
cast-iron sheet-piling when it was exposed, but the Author had alread} 
1 


4 
28 


OT 


stated that it was in very good condition. As a pupil in the early yea 
of the present century he had been engaged on the construction of a le if 
graving-dock at Hebburn-on-Tyne, where cast-iron sheet-piling was used 
It was driven in fine sand, where it had been found impossible to empl ? 
timber sheeting, the driving being done by means of an ordinary drop( 
hammer. To protect the head, a solid copper dolly was used, 6 inchet 
square and covering the full width of the piles. The piling was so designee 
that a water-pipe could be inserted for jetting purposes between the inne? 
na} 
was not required. Trenches excavated behind the sheet-piling showed 11 
to be watertight, and in only one or two cases was a short length—abow: 
a yard—of one side of a jaw broken off. There had been no opportunity 
of examining that piling since the work had been completed, as the dogl 
was still in service. 4 
The application of mild steel for piling was an obvious improvement 
on cast iron, and steel was used in two positions in the new work describe 
in the Paper. In the third position, however, reinforced-concrete pile: 
of a special design were introduced, the reasons for using which had beer 
largely given in Mr. Vaughan-Lee’s memorandum, read by Mr. Wilson. 
It was stated in the Paper that special provisions with regard to the 
sudds were embodied in the contract. In view of their importance in th 
work where an existing structure had to be protected, he would like % 
ask whether the sudds were designed by the engineers or by the cot 
tractors. Whilst it was the British custom to place on the contractc 
the responsibility for the design of all temporary work, there were, in hi 
view, cases where certain structures should be excluded. With regan 
to the sudds, he assumed that the engineers, when studying the design 
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of the permanent work, would have available data which it might not 
we been possible for the contractors to make full use of during the 
limited period allowed for tendering. What were the Author’s views on 
th e point as to whether or not the engineers ought, in the case of the sudds, 
to have designed the temporary works ? 
He noted that the hydraulic gradient of the water in the sand was 
und to be higher than assumed, and it would appear that there was 
me doubt about the necessity for the inner row of sheet-piling. He 
appreciated, however, the advisability of taking every precaution in an 
important work of the kind in question, large sections of which had to be 
earried out in a limited season’s work, to ensure freedom from water within 
the cofferdams so as to allow of speedy construction. 
_ Mr. W. J. E. Binnie, Past-President, remarked that two points in the 
aper interested him particularly. One, which had already been dealt 
ith to a certain extent, was the question of the bituminous emulsion 
hich was used to make cut-offs 5 metres wide and about 29 metres long. 
he Author had stated that 162 holes were drilled through the old floor 
d were treated, to a depth of 4 metres below the floor, with a bituminous 
mulsion, the quantities forced into each hole ranging from 360 to 720 litres. 
5 would therefore appear that the ratio between the quantity of emulsion 
hich was forced down and the bulk of the sand into which it was forced 
ould be about 1: 6, or one-sixth of the total volume. That, of course, 
did not take into account any emulsion which spread, as mentioned in the 
Paper, beyond the old floor, so that apparently it did not fill all of the 
yoids in the sand. The sand was very fine, but no particulars about it 
ere given in the Paper. If any mechanical analysis had been made of 
e sand, the results would be very interesting. 
~ He would also like information as to the cost of the bitumen process, 
scause he had never used that process himself. It appeared to be 
tremely promising, and the results presented were very satisfactory. 
[e would shortly have to deal with a similar problem in connexion with 
he foundations of a large dam which would have to go down about 13 or 
4 metres from the surface in an attempt to construct an impermeable 
arrier between the work and the sea a short distance away. The question 
f cost had to be considered, and he wished to find the best way to deal 
ith the matter—whether to use a large quantity of piling and pumps or 
9 make an impermeable barrier. Therefore he would be obliged if the 
Author could indicate the cost of the emulsion used, per litre, per square 
etre, or in any other way. 
His second point had already been touched upon in the course of the 
cussion ; it concerned the diversion-walls or little weirs which had been 
lved by experimental work. He remembered visiting the laboratory 
he Delta barrage when experiments were being carried out in connexion 
h the Isna barrage, which was rather similar to the Assiut barrage. 
+h suffered from similar trouble due to the erosion which took place at 


_ of the paint was such that at 60° F. it would just pour. 
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the end of the apron. In the case of the Assiut barrage a cure appeared 
to have been effected by the very simple device of the diversion-wall. 4 
valuable Paper ! dealing with the prevention of scour by various metho de 
had recently been presented to The Institution ; but the method described 
by the Author appeared to be perfectly effective, and was very simple. 
The subject could be followed farther by reference to the Paper presented 
to The Institution by Messrs. A. D. D. Butcher and J. D. Atkinsor 
Assoc. M. Inst. C.E.2, in 1934, which had resulted in expressions of 
opinion by many people all over the world on the problem of the p 
vention of scour. When the Assiut barrage was built very little was knowni 
about the subject, and in fact it was only since models had been made off 
structures, and experiments carried out with them, that knowledge hadi 
been gained of the means to overcome difficulties of that sort. That couldé 
not be determined by mathematics. Nothing was known as to what was 
going to happen, but that would be shown by the models. Therefore hes 
considered that all such structures should be tested by means of models: 
before their final design was established. | 

Mr. R. H. H. Stanger observed that the Author had referred to ag 
mixture of tar, pitch, lime, and naphtha for the painting of steelwork 
Considerable trouble had been experienced from time to time with some 
of the painting for the various dams on the Nile. He believed that theq 
mixture mentioned in the Paper was found to be the best, and its valiges 
would probably be far higher than that of any protective bituminous paint. 
Actually the finished mixture would not contain 3 per cent. of lime ; thi 
percentage was used in making up the mixture for the purpose of neutra- 
lizing any acid, and for reducing the water, but the finished mixtures 
probably contained rather less than 1 per cent. of lime. The consisteney 


The Author had stated that the crushing load of concrete averaged! 
about 5,000 lb. per square inch, but he did not say at what age. From: 
Mr. Stanger’s own records of concrete cubes which came home from the 
work, he found that the testing was done either at 45 days or at 90 days. 
If the cubes arrived in time, they were tested at 45 days. The concrete 
in the Rotinoff piles, which was a 4-to-1 mix, gave values of 6,800 Ib. per 
square inch at 45 days and of 9,000 Ib. per square inch at 90 days. The 
density ranged between 150 lb. and 153} lb., so that it was very good 
concrete. The concrete in the toes, which was of 6-to-1 mix, gave 4,700 Ib 
per square inch at 45 days and 5,200 lb. per square inch at 90 days 
whilst the 4-to-1 concrete in the arches and in the regulator of the barrag 


- R. V. Burns and C. M. White, ‘‘The Protection of Dams, Weirs, and Sluice 
against Scour.” Journal Inst. C.E., vol. 10 (1938-39), p. 23 (November 1938). 
2 «The Causes and Prevention of Bed Erosion, with Special Reference to th 
Protection of Structures controlling Rivers and Canals.” Minutes of Proceedin 
Inst, C.E., vol. 235 (1932-33, Part i), p. 175. q 
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gave 6,800 Ib. per square inch at 45 days and 7,500 lb. per square inch at 
90 days. He thought, therefore, that it would be admitted that the 
‘concrete was very good. 
_ Mr. William Allard said that those who referred to Mr. G, H. Stephen’s 
Paper 1 would there learn of the part which the Assiut barrage had 
played in the development of the principles of design of that type of 
tructure. 
_ The obstruction by a barrage or diversion-weir of a river channel with a 
‘sandy bed created several problems. One was the possibility of erosion at 
‘the toe of the downstream apron; another was the undermining of the 
‘structure by water flowing through and removing the sand beneath it ; 
whilst if the weir were pierced with sluices, a third problem was the 
disturbance of river-flow caused by the piers and sluices. Since barrage- 
yuilding began, all those three problems had been solved or clarified to a 
very considerable extent by research work. 
__ Mr. Binnie had referred to such research in respect of the first problem. 
With regard to the second, about the end of the last century there had 
been several collapses of Indian river-weirs, one of them (the Narora weir) 
iling at the time when the Assiut barrage construction was beginning. 
Meanwhile, there had been research work at Roorkee College in India, under 
the direction of Colonel Clibborn, and the theory of the distance of creep 
had been evolved. Mr. J. 8. Beresford, an irrigation engineer in India, 
brought that information to the notice of a friend then at Assiut, with the 
‘result that the design of the barrage was modified. The theory men- 
joned was described in a book written by Mr. W. G. Bligh?. It had now 
been superseded by that of lines of equal pressure, mentioned in Dr. Karl 
yon Terzaghi’s James Forrest Lecture’. The design of the remodelled 
Assiut barrage seemed to conform with that later theory. The apron 
eluded a flexible portion resting on hand-packed limestone rubble, the 
two together forming a sponge-like mass through which the water brought 
under the floor to that point by pressure could escape freely. The appli- 
pation of the theory to the barrage design revealed the need for such free 
escape. 
ee The Author had described (p. 304) the structural condition of the 
Pio riginal barrage before remodelling began. It would be valuable to know 
also what difficulties its operation had presented ; for example, in passing 
river-craft through the barrage, in operating the sluice-gates, and in river- 
training works, as well as what the total cost of repairing the downstream 


1 «The Barrage across the Nile at Asyat.’’ Minutes of Proceedings Inst. C.E., 


vol. clviii (1903-4, part IV), p. 26. ; 
2 «The Practical Design of Irrigation Works.” Phird edition (1927). (Constable 


& Company.) 
3 <<Soil Mechanics—A New Chapter in Engineering Science.” Journal Inst. C.E., 


Wvol. 12 (1938-9), p. 106 (June 1939.) 
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_ the Sudan. Apparently, therefore, it was used with two meanings, ‘which 
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apron from time to time had been. Equally valuable would be the infor | 
mation that should now be available as to the results that had been 
obtained from the baffle and deflecting weirs on the downstream apron Of | 
the remodelled barrage. : 
Mr. Allard asked what was the maximum discharge of the Nile to be 
passed through the barrage, and suggested that the maximum flood-level 
anticipated downstream of the structure should be stated. The flood: | 
level shown in Figs. 2, Plate 1, was naturally one that provided a large 
difference of head, and therefore exacting conditions for the barrage, but : 
it was presumably accordingly the minimum flood-level that was to! 
be expected with an upstream level of 52-20. The maximum level. 
downstream might be, he assumed, about 3-70 metres higher, at say 
51-90. 
The Author mentioned (p. 303) that a third gate had been added to the 
two first provided for each sluice in the original barrage. The Nile flood — 
of 1913 had been the lowest in the memory of people then living, indeed | 
perhaps the fourth lowest in a period of over 900 years for which reco. 
existed. The river conditions observed then had caused the revision of 
the regulating arrangements. It would be noted (pp. 319, 320) that granite — 
and cast-iron had been used for the lining of the lower portions of the | 
sluice vents. Mr. Allard suggested that besides the reasons given by the — 
Author for that, there might be the wish to use the barrage to meas | 
river-discharges. Mr. A. D. Butcher had calibrated other barrages in 
Egypt for that purpose, the requisites being firstly a submerged orifice, and — 
secondly observations of the height of orifice and the water-levels upstream 
and downstream of the orifice. That usually made it essential, especially - 
when the downstream river-level was low, to pass all water underneath the 
lower gate-leaf. If then the river-level were high upstream and low down- | 
stream, the water emerging from under the gate would be moving at high 
speed. The measurement of its river-supplies was regarded by Egypt as 
matter of constantly growing importance, which, it was suggested, rendered — 
the protective vent-linings more necessary than ever. 
With regard to the Author’s advocacy of the metric system, Mr. Allard — 
mentioned that it had already been adopted in Hire for the State hydro- 
metric surveys. | 
Dr. Herbert Chatley said that the first point he wished to raise was 
with regard to the definition of the word “ sudd.” The word was usec 
quite freely in Egyptian irrigation practice with respect to the marshes of 


was a pity. He wished to inquire about the construction of the sudds 
or cofferdams at their junction with the barrage itself. It was not by any 
means clear how the watertight joint was made properly between the 
sudd and the barrage itself. He had had bitter experience with dams of 
the kind in question, and it seemed to him that very considerable p e- 
cautions had to be, and doubtless were, taken, but some further informatior 
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‘on the point would be of great interest. Mr. Norrie had explained how 
the piling was applied through the old aprons, but even that, he thought, 
might be dealt with a little more fully, because the watertightness 
of the cofferdam was the most essential feature of the whole of the 
design. 

_ Finally, he entirely agreed with the Author in his opinion of the metric 
system. He had had the experience of working on two rivers at almost the 
‘same time. In one case everything was done in the English system and 
in the other case in the metric system, and the comparison between the 
two would hardly bear describing. 

Dr. W. L. Lowe-Brown thought that he was the only person present 
who had been engaged on the original Assiut dam during its construction, 
-and he wished to correct one or two points that had been made. 

He was sorry that the Author had not explained in more detail why 
‘the alterations to the barrage had become necessary. The fact was that 
the barrage had for many years been used for flood-regulation, although 
it was not originally designed for that purpose, and it was now proposed to 
“subject it to even more severe conditions. 

The original barrage at Assiut was designed to raise the level at the 
ntrance to the Ibrahimia canal at low Nile, sufficiently to provide peren- 
nial irrigation some distance downsiream. Some of the land near to the 

brahimia canal was to be irrigated by basin irrigation from the Nile flood, 
but it was never intended to raise the level of the Nile when it was in flood. 
The original barrage was therefore only designed for the sluice-gates to be 
Josed when the river was low, to provide additional head in the canal for 
perennial irrigation some distance downstream ; at high Nile the gates were 
expected to be wide open to allow the river to flow normally through the 
sluiceways without any appreciable increase of velocity, and with a head 
of only 20 centimetres. 

During the first year that the barrage was in full operation, however, 
the Nile flood was unusually low, and the then Director-General of Reser- 
“yoirs, Mr. (afterwards Sir Arthur) Webb, M. Inst. C.E., took the decision 
to close down the gates against the flood and so raise the level of the river 
- at the entrance to the canal and save the crops in the basins, which would 
otherwise have been short of water. He knew that the barrage had not 
been designed for that purpose, but he decided to take the risk, against 
“the opinion of many. Before the gates were shut down he placed an 
order for 5,000 cubic metres of broken stone, which was quickly collected 
near the end of the barrage. He also gave Dr. Lowe-Brown instructions 
to have daily soundings taken to see what happened to the downstream 
apron, which he knew was far too light to stand the rush of water for long 
and might be seriously damaged. The daily soundings showed a gradual 
increase in the scour over the apron, but not until a hole over 30 feet deep 
had been scoured out in the apron did they begin to throw in the stone to 
fll the holes, and to lift the gates to reduce the velocity, but by then the ~ 


found that one pump was insufficient to obtain the speed of drivin 


bottom, except for the last metre or so. 
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upper basins had been flooded and the crops saved. That had been 
described in detail elsewhere. 
The results of that season’s work had been considered so satisfacto: y’ 
that it was decided to increase the width and depth of the downstream | 
apron to permit flood-regulation to be carried out whenever necessary, 
and subsequently it was found that although the barrage floor had stood 
up relatively well to the pounding for which it had never been designed, , 
it showed signs of deterioration ; it was therefore repaired with granite. . 
All barrages built on the upper Nile had since been designed to allow for 
flood-regulation. 1 
The difference between holding up the river at low Nile in the way the 
original dam was intended to be used, and holding up the Nile during the 
flood, was very great, as the volume of water passing was probably more - 
than ten times as much in the latter case as in the former case. 
The impression created by the Paper seemed to have been that the | 
quality of the work in the old dam was inferior ; the number of inspectors _ 
employed was not very great, and it was necessary to place them on the 
most important parts of the work. All the underwater work of the old 
barrage was excellent. There might have been a few hollows in some of the - 
piers at the top, but when there was only one inspector to every hundred © 
Levantine masons the work might occasionally be scamped. On the pa: q 
of the work that was important, however, and that had to withstand the 
hydraulic conditions, he did not think that there was any scamping. 


like to mention with regard to the concrete sheet-piling. 

Mr. Norrie had said that the jetting of the piles had created a great - 
quantity of water which had to be pumped out. It was found that im 
the first season’s work, in order to speed up the driving, two pumps had had - 
to be used. The pumps were of 25 horsepower, delivering together 
12,000 gallons per hour, and one pump was intended to bea spare. It was 


required, and therefore the two pumps were used, whilst the jets were : 
eventually enlarged when it was found that the piles were not penetrating - 
sufficiently quickly. 

Another point which might be of interest was that in experiments on 
the site it was found that the piles could not be driven down more than 
4 feet without jetting, and that meant that they were jetted right to the 


1 Discussion on “The Nag-Hammadi Barrage, Upper Egypt.” Minutes of Pro- 
ceedings Inst, C.E., vol. 232 (1930-31, Part 2), p. 376. : 
Discussion on “The Causes and Prevention of Bed Erosion, with Special 
Reference to the Protection of Structures Controlling Rivers and Canals.” bid., 
Sed (1932-33, Part 1), p. 226. 
ir William Wilcocks and J. I. Graig, “Egyptian Irrigation.” ird edition 
(1913), vol. 2, p. 663. = mh ee te ae 
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The question might be asked why a Ruston-Bucyrus caterpillar navvy 
was used for driving the piles. He thought that the remarks he had just 
made with regard to the jetting would show that, when jets were used 
very close alongside the pile-frame, the water running away from the piles 
would undermine the pile-frame and prevent the piles being kept plumb 
‘during driving, and the navvy was used so that the jib could be employed 
for handling and pitching the piles and the pile driving could thus be kept 
‘away from the foot of the navvy. Some difficulty was found even with that 
arrangement. The navvy used to sink in the soft sand and difficulty was 
experienced in keeping the piles plumb, and for that reason several different 
shapes of pile were cast. Some of the piles used to “ fan” to the extent 
‘of a foot or so during the driving of ten piles in the first season’s work. 
‘That was eventually overcome by driving tapered piles. It was not 
possible to determine beforehand which way the “fanning” would take 
place ; it depended upon how the jets were used and whether the men 
using them considered that the jetting pipes should be lowered or kept 
‘up high. The use of tapered piles enabled the last pile of the season to 
be driven absolutely plumb. 

- The Author, in reply, observed that, in regard to the relative advan- 
tages of Rotinoff reinforced-concrete piles and steel sheet-piling, he believed 
‘that the late Sir Maurice Fitzmaurice, Past-President Inst. C.E., gave the 
life of steel sheet-piles as 100 years. The reinforced-concrete piles would 
“undoubtedly have a longer life. He explained a test made of driving, . 
grouting, and bodily withdrawing a line of piles, which came out in one solid 
‘mass with no chance of water percolation in any way visible. He doubted 
“if any steel sheet-piling subjected to a head were devoid of any seepage 
"whatever. 

Referring to the design of the temporary sudds, he could not, of course, 
“speak for the consulting engineers. His own opinion was that in the case 
in point the engineers were right in having a voice in the design of the 
temporary work. The schedule of prices included a separate item for the 
“four sudds. Conditions were included in the contract governing the design 
of the sudds, and such designs had to be submitted with the tenders. 

= In regard to the impregnation of the material below the barrage with 
‘pituminous emulsion, mechanical analysis of the material was made, but 
the results were not at present available. It might, however, be stated 
that the fine sand composing it was dense, with the voids largely filled with 
the fine Nile silt. That would reduce the amount of emulsion which could 
be injected. It might be added that it was soon seen that there was inter- ~ 
communication between some of the injection-holes. Cement grout was 
therefore injected at each cut-off immediately below the barrage floor to 
“seal any possible cavities, before the bituminous process was commenced. 
_ Experiments made showed that cement set satisfactorily in the presence a 
of the bituminous emulsion. — 
Referring to Mr. Allard’s inquiry as to what improvements in design — 
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could be made on the original structure so far as operation was Conbee 
experience had produced better and more efficient locks, gates, opera 
- gear, sluicing culverts, and approaches, and also more efficient sluice-gates 
and operating methods, as well as subways to take water and other mains f 
Where feasible, such improvements were incorporated in the remodelling. . 
The Author had not heard of reports as yet as to beneficial or adverse : 
results of the baffle and deflecting weirs downstream of the barrage. . 
Compared with similar structures without weirs the effect of the bafile: 
weir was obvious to the eye. The rapid and destructive rush of water: 
issuing from the sluices was broken up by the weir soon after leaving the 
piers, and proceeded down across the apron and toe in a comparativ 
steady and regular flow. That would appear to be beneficial. The life; 
of the granite weir would be of interest in the future. } 
The water-levels at the peak of the flood were not shown in Figs. 2, . 
Plate 1. At that time, if all the sluice-gates were lifted, there was little 
difference in level on either side of the barrage. The flood-period levels | 
as shown referred to regulation during that period. e | 
The Author agreed with Dr. Lowe-Brown in that the original barrage | 
and aprons had not been designed for regulation during the flood-period, 
He was also extremely sorry if Dr. Lowe-Brown considered that the quality 
of the old work was in any way criticized in the Paper. He had tried to 
make it clear that everyone on the remodelling considered that the old | 
work was extremely good. 
With regard to the making of a watertight joint between the existing - 
barrage and the ends of the sudds, stop-logs were fitted in the grooves in 
the piers at the junctions. The outer row of the sudd sheet-piling was 
finished off hard up to the stop-logs and caulked. Other steps taken to 
render those points watertight were described in the Paper. 


«*» The Correspondence on the foregoing Paper will be published in the Insti | 
tution Journal for October 1940; the Author, in his reply thereto, will deal further ] 


with certain points raised in the Discussion.—Sxc. Inst. 0.E. 
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Combined losses in weight of bars exposed for 5, 10, and 15 years at each port to sea-air, expressed both in grams and 
as percentages of the total losses at each port. The order of merit is also given. 
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Corrosion at Haur-Tipr Levet. 


exposed for 5, 10, and 15 years at each port to sea-air, at half-tide level, and to compl 
‘ ; - ’ plete 
er, expressed both in grams and as percentages of the total losses at each port. The order of 


oe Bolitar. Peat Colonies Combined losses in weight of bars exposed for 5, 10, and 15 years at each port at half-tide level, expressed both in grams 
Metal. and as percentages of the total losses at each port. The order of merit is also given. 
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(202) 2 baat aon Loss donk aah Loss cee merit 
Auckland. Halifax. 
Per | or Rolled irons (cleaned) raat 
cent. ‘olled irons (cleaned). h aaa Ord 
mee Loss. rote ‘of | Loss. Babe Pe Loss. 
N. Low Moor . 1,441 14-4 9 2,718 9-4 4 5,664 8-2 1 * | merit. * | merit. 
P. Swedish charcoal . 2,484 7 
=a Bs : ’ 14-4 9 3,623 | 12-5 6 7,045 | 10-1 He | Sbetted eons (cleaned 
4 i M. Ingot 2 . E < 
a ae 1s} 8 Ble ate) 10 eee te 9 N. Low Moor. ..- - 606 10-2 6 1,207 9-5 4 2,018 
12,542 9-4 4 
12.884 9-7 5 P. Swedish charcoal. . 758 12:8 7 1,503 11:8 8 2,510 
: i Carbon steels (cleaned), 
M;Ingot’ = 9. =) = 869 14:7] 10 1,560 | 12:2} 10 2,964 
A. Mild steel, low sulphur 852 8-6 3 1,374 4:8 2 8,389 | 12:1] 10 
and phosphorus, 
©. Mild steel, 0-7 per cent. | 1,247 : : : 
16,828 | 12-7] 10 ceatpaneee Pe 97| 5 | 2,008] 69] 3 | 7,491 | 108) 8 Carbon. steels (cleaned). 
14,176 | 10-7 8 A. Mild steel, low sulphur 790 13-4 8 1,410 11-1 tf 2,469 
Carbon steels (with scale). and phosphorus. 
| sip ai ae (. Mild steel, 0-7 per cent.| 819 | 139] 9 | 1,338] 105/ 5 | 2,606 C. Mild steel, 0-7 per cent. 
BE. Mild steel, low sulphur | 1,264 9-8 6 3,792 | 13-1 7 6,899 9-9 6 manganese. manganese. 
and phosphorus. 
F. Mild steel, 0-7 t. i : f c : . 
15,236| 11-5| 9 eee a Weiais LOB = oi) SGP MA BURG EEL 1s 88 Carbon steels (with scale). Carbon steels (with scale). 
D. Carb teel, 0-4 5 i 5 4 9 4 . 
13,128] 9-9| 6 prom steels, 0S Oe aa Uae Al tee tae al eT are S lhe B, Mild steel, low sulphur | 509 | 86| 5 | 1,192 | 94] 3 | 1,382 
and phosphorus. 
13,182 9-9 7 F. Mild steel, 0-7 per cent. 498 8-4 4 1,547 12-1 9 1,538 
Uoy steels (with scale). manganese. 
za EU Ea) D. Carbon steel, 0-4 per 424 72 3 1,380 | 10-8 6 1,423 
G. Mild steel, 0-64 per 593 6-5 2 2,865 9-9 5 6,779 9-7 4 cent. carbon. 
cent. copper. zi ————s 
. Nickel steel, 3-75 E th 34 1-2 i 8: ; 
12,321| 93] 3 ee ee eg 2 ea Maal Alloy steels (with scale). 
11,541 8-7 2 G. Mild steel, 0-64 per 334 5-6 2 1,147 9-0 2 1,436 
tal ; 28,934 | 1 69,506 | 1 cent. copper. 
pia a “ Sue, tA sade K. Nickel steel, 3:75 per| 305 | 52| 1 455 | 36| 1 | 1,122 
cent. nickel. 
“Totals . - - | | 44,914 | 100 132,770 | 100 : 
; ist ¥ ith skin). [ 
- —_— : a é. ae ea ala Totals . . . «| 5,912 | 100 12,739 | 100 19,518 Tad ee 
Me * The figures ear under the names of the ports give the total losses in weight at each port relatively to Q. Hot blast 599 98 1.840 
at at Plymouth, as 100. 3 : 
ye R. Cold blast . 500 67 2,337 
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REPORT OF THE COUNCIL, 1939-407. 


~ In accordance with the By-laws, the Council present the following 
report upon the state of The Institution. 

- On the outbreak of war, the Council, wishful to adopt every possible 
means of advancing the objects of The Institution, resolved to continue 
the work of The Institution from its headquarters in Westminster and to 
maintain all activities to such extent as was possible in view of the cir- 
cumstances. In deference to the wish of the authorities that large 
assemblies of persons should be avoided, it was decided temporarily to 
suspend the Ordinary Meetings except for the purpose of transacting 
routine business—such as ballots for the election of new members. 
The service of the library and of the reading rooms during normal office 
hours in daylight was maintained for the use of members. The Council 
also announced their intention to continue publication of the Journal, 
although it was anticipated that some restriction in the size of each 
umber would have to be made. 

_ The publication of “ Engineering Abstracts ” in sectional form was 
discontinued, and in each number of the Journal is being included a 
selection of brief abstracts of important Papers and articles appearing in - 
‘the home and foreign technical literature. 

__ The opening meeting of The Institution due to have been held on 
‘Tuesday, 7 November, when Sir Clement D. M. Hindley, K.C.LE., M.A., 
succeeded Mr. W. J. H. Binnie, M.A., as President, did not take place, but 
short Address prepared by Sir Clement was printed in the November 
umber of the Journal. 

' The Road Engineering Exhibition, which was to have been held at 
The Institution in January, and the Conference on Engineering Education 
and Training, which had been convened by the Council and was due to be 
eld early in 1940, were postponed indefinitely. 

_ Meetings.—During the summer recess, four extra meetings were held 
at which the following Lectures were delivered :— 


SUBJECT. LECTURER. 


x perimental Work on A.R.P. R. E. Stradling, C.B., M.C., D.Sc., 
Ph.D., M. Inst. C.E. 

‘ Colonel F. J. C. Wyatt, O.B.E., M.C. 
Design of Bomb - Proof David Anderson, LL.D., B.Sc., M. 
‘Shelters. Inst. C.H. | 
Work of the Military Engineer Brigadier O. A. Bird, D.S.0. ee 
n War. i aa 

The Report of the Annual General Meeting will be published in the Institution > 
nal for October 1940.—Szc. Inst. C.E. i pe 
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Brigadier Bird’s lecture will not be published. 
A Summer Meeting of The Institution was held at Birmingham ii 
July 1939, and was opened by an informal reception at Birmingham 
University on the evening of the 6th July by Mr. W. J. E. Binnie, President 
and Mr. E. H. Ford, M. Inst. C.E., Chairman of the Birmingham ana 
District Association. On the following day a technical session was held 
in the morning, when a Paper on “ Town and Country Planning” was 
read by Mr. H. J. Manzoni, M. Inst. C.E., and a Paper on “ Sewerage a 
Sewage-Disposal”’, by Mr. J. D. Watson, Past-President, was read by 
Mr. H. C. Whitehead, M. Inst. C.E. The afternoon of the 7th July waa 
_ devoted to visits to engineering works and other places of interest in th: 
neighbourhood, and in the evening the Lord Mayor of Birmingham accordee 
the members a civic reception at the Council House. The final day of ha 
meeting was occupied by an all-day visit to the Elan Valley waterwo ki 
and by a visit to the Birmingham civic centre and new underground cai 
park, and in the afternoon to the opening of the new Birmingham Airport 
at Elmdon. / 
Having regard to the character taken by hostilities, meetings ou 
limited scale were resumed in the New Year, and an Informal Meeting: 
was held on the 23rd January at 1.30 p.m., when the subject “ Soma 
Aspects of Engineering Civil Defence Works” was introduced by Mr. TI 
Peirson Frank, M. Inst. C.E. The meeting was well attended, and tha 
Council decided to extend the Session from the 30th April until the 31st 
May and to arrange a programme of meetings, of which details are give 
below : 
Four Ordinary Meetings have been held, at which the following Pap 
were discussed :— 


nt} 


SussxEcr. AuTHoR. 
The Dragline Excavator. William Barnes, M. I. Mech. E. 
The Sewage-Disposal of Delhi. J. A. R. Bromage, M. Inst. C.E. 


Remodelling of the Assiut Barrage, J. E. Bostock, 0.B.E., M. Inst. C.BJ 

Egypt. 
Cliff-Stabilization Works in London Jack Duvivier, B.Sc. (Eng.), M. Inst 
Clay. C.E. 


A joint meeting with the British Section, Société des Ingénieurs Civils 
de France was held, as follows :— : 


SuBJEcT. — AUTHOR. 
Photo-Elasticimetry : its Application Monsieur Robert Flament-Henne~ 
_ to the Measurement of Deforma- __ bique. 


tions of Bridges, 
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An informal meeting was held jointly with the Institutions of Mechani- 
cal and Electrical Engineers at the Institution of Electrical Engineers, 
at which a discussion on “‘ Emergency Repairs, with Special Reference 
to Welding” was introduced by Mr. 8. F. Dorey, D.Sc., M. Inst. C.E., 
M. I. Mech. E. 

| A meeting of the newly-formed Road Engineering Section, for which 
some 2,000 members and Students have registered, was held, at which a 
Paper on “ The Engineer’s Part in the Promotion of Road Safety ”, by Mr. 
F. A. Rayfield, Assoc. M. Inst. C.E., was discussed. The inception of the 
Railway Engineering Section, for which 700 members and Students have 
registered, has had to be postponed. Encouraged by the response to the 
formation of these Sections, the Council hope that the opportunity of 
furthering to the fullest extent the objects for which they were formed will 
not be unduly delayed. 

 Lectures.—The Sir Charles Parsons Memorial Lecture should have 
been delivered at The Institution during the Session in accordance with 
the rotation arranged between the participating Institutions, and Dr. H. L. 
Guy, F.R.S., M. Inst. C.E., had consented to lecture on “ Some Researches 
on Steam-Turbine Nozzle-Efficiency.” Owing to the abandonment of 
‘meetings during the early part of the Session, the Lecture was printed in 
the December 1939 Number of the Journal. The Memorial Medal has 
heen presented to Dr. Guy for his Lecture. ; 

_ The Vernon-Harcourt Lecture on “ The Construction of Deep-Water 
Quays by Mr. A. C. Gardner, M. Inst. C.E., was delivered in London on 
the 5th March and was repeated at meetings at Glasgow, Bristol, and 
Belfast. | 

__ The James Forrest Lecture on “‘ New Materials for Old’ was delivered 
on the 28th May by Dr. E. V. Appleton, M.A., FBS. 

_ Cancellation of Visit to the United States and Canada.—In 
i view of the grave international situation, it was found necessary to cancel 
the arrangements which had been made for a party of members of The 
nstitution and their ladies to visit the United States and Hastern Canada. 


‘representatives, and the whole of the arrangements for the meeting were 
‘cancelled. 

It is much to be regretted that the visit could not take place, in view 
‘of the special arrangements that had been made by the two American 
‘Societies and by the Engineering Institute of Canada for the joint 
“meeting and visits, and subsequent tour of Eastern Canada. nee 
One of the functions which had been arranged was the presentation by 
‘Mr. W. J. E. Binnie to the American Society of Civil Engineers of a replica 
of the Myddelton Cup, as a token of the friendly relations which have ever 
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existed between the two Societies. The replica has now been handed td 
Colonel D. H. Sawyer, President of the American Society, by Lord Lothian 
British Ambassador to the United States, at a gathering of members of tha 
American Society held in Washington on the 9th January. | 

Honorary Membership of the American Society of Civil Engineers hi 
been conferred upon Mr. Binnie, and at a luncheon held in London on the 
25th April the Hon. Joseph P. Kennedy, the United States Ambassa io 
in London, formally presented the certificate of honorary membership té 
Mr. Binnie. ] 

Military and National Service.—The effect of the war on the engi 
neering profession has received the closest attention of the Council, with) 
particular regard to the need for ensuring that in the transition from peace 
to war conditions the services of civil engineers should be used to the best 
advantage in the national effort. In the case of members and Students 
entering H.M. Armed Forces, steps have been taken to see that, as far as 
the requirements permit, they should be afforded an opportunity to se i 
in a capacity where their technical qualifications would be of value, 2 7 
to this end they have been provided with certificates showing their con 
nexion with The Institution. 

At the outbreak of war a large number of Students were provided with 
certificates to be used by them in connexion with Officer Cadet Training 
Units and Other Ranks Training Units, and certificates have also beer: 
issued to some Students who, as serving soldiers, placed requests before 
their Commanding Officers to be allowed to apply for commissions. | 

By permission of the War Office, members have been furnished with 
the appropriate army form for registration in the Army Officers’ Emergeney, 
Reserve, and a number of applications for Emergency Commissions im 
connexion with road construction and railway construction have alsa 
been sent through The Institution to the War Office. ; 

Further, many inquiries have been dealt with not only in regard to the 
foregoing but also with reference to the postponement of enlistment of 
those Students who wished to sit for the Institution Associate Membership 
Examination, and to the cases of men who had been posted to non-technical 
units and who desired to effect transfers. | 

By agreement with the Ministry of Labour, Students over 23 years 
of age and Associate Members normally engaged in the profession were 
advised that they should register as ‘‘ Pupil Civil Engineers ” and “ Civi 
Engineers” respectively, to accord with the Ministry of Labo ”s 
“ Schedule of Reserved Occupations.” 

The Institution has continued to co-operate with the National Service 
Department of the Ministry of Labour in the task of compiling and main 
taining the Central Register, which is being used for supplying, both m 
Government service and elsewhere, additional requirements for persor 
with scientific, technical, professional, and higher administrative que 
cations, which has resulted in an increasing number of members bein 


WL 
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mployed, in a civilian capacity, on engineering works and projects inci- 
ental to the war, 

_ The Council, being of opinion that national interests would best be 
erved by qualified civil engineers co-operating with those who are charged 
yy Government with the initiation of engineering projects, addressed, 
hrough the President, letters on this subject to the Prime Minister and 
o all Ministries dealing with constructional work. 

_ Temporary Modifications in the By-laws.—Having regard to the 
ixperience in the war of 1914-18 of the difficulties which may occur under 
yar conditions in the exact fulfilment of the requirements prescribed in 
he By-laws for qualification for election by those candidates engaged in 
ational service, the Council decided to obtain such modifications of the 
By-laws as would enable them in suitable cases to simplify the procedure 
vithout in any way relaxing or lowering the standards required. Accord- 
ngly, in order to avoid the delay which would have been caused by 
ollowing the procedure laid down in the Third Supplemental Charter and 
he By-laws of The Institution to secure such modifications, they applied 
the Privy Council under the Chartered and Other Bodies (Temporary 
rovisions) Act, 1939, for permission to make the following modifications 
the By-laws during the operation of this Act :— 


* 


t 


(1) to accept military or national service approved by the Council 
as being in whole or in part a fulfilment of the conditions laid 
down with respect to training and experience under Corporate 
Members of The Institution or others, and of the conditions 
as regards Pupilage, Apprenticeship, or other practical 

. engineering service ; 

(2) to exempt from examinations of The Institution candidates who 

sg have been engaged in military or national service approved 
by the Council for a period of at least one year and who produce 
such evidence as the Council may deem sufficient to prove a 
satisfactory standard of attainment in the subjects of the said 
examinations ; 

(3) to reduce the number of signatures to complete a Proposal for 
Election in the case of a candidate serving in H.M. Forces to 
1 Proposer and 2 others ; : 

(4) to remit, or to extend the period allowed for the payment of, 
Admission Fees, Transfer Fees, and Subscriptions, as well as 
of arrears of Subscriptions, by any persons who are in military 
or national service approved by the Council, or who are suffer- 
ing financially from conditions due to the present war, and 

ee who may request the Council to exercise such consideration ; 

| () to extend the age-limit of Students of The Institution who are 

. serving in any of H.M. Armed Forces, or national service 

approved by the Council, from 28 to 30 years of age ; 


yr 


_ was awarded in respect of a Student’s Paper read before the North-Wes 
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(6) to defer at the discretion of the Council the appointment off 
second or Honorary Secretary in addition to the actiri 
Secretary, who is designated as “‘ the Secretary ” ; 4 

(7) to hold the Annual General Meeting on such a date and at su 
a time and place as may be determined by the Council. 


This application has been acceded to by the Privy Council. ; 

A Standing Committee of the Council will scrutinize carefully all clan 
for relaxation of the ordinary rules by candidates for election whos 
professional careers have been interrupted for a period of at least; 
year by military or other approved national service. The Council wis 
to emphasize in this connexion that the standard of educational a1 
practical attainments of those who may be admitted to election under t 
modified By-laws will have to be such as properly to qualify them f# 
membership of The Institution, and that they are determined not to al 
the operation of these special modifications to relax or lower in any degra 
the standards of The Institution as a body, or to remove the guarantees | 


sidered on its merits, and as it will not be possible to decide on any i 
dividual case until the candidate has reached the age of 25 years and | 
seeking election, the Council are anxious that Students and oth 


seriously interfered with the work of thé Local Associations, and detail 
programmes of meetings and visits to works could not be arranged as_ 
previous years. The number of meetings has necessarily been reduce( 
but, with one exception, all the Associations have found it possible - 
hold some meetings, and the Yorkshire Association has had its ust 
number. Various visits to engineering works which were arranged for t 
summer of 1939 were duly carried out. All the Local Association annu 
dinners were cancelled with the exception of that of the Yorkshire Asso¢i! 
tion, which was held at Leeds on the 25th J anuary. In place of the sui 
dinner the Bristol and District Association held a luncheon at Bristol. 
the 2nd February, at which the President was able to be present. 
While the number of Students’ Papers read before the Associatio 
during the past Session has been curtailed, the Council have noted wit 
pleasure the great increase in the number of such Papers in recent y 
and in this connexion it may be mentioned that six of the Students’ Pa: 
read before Local Associations in Session 1938-39 gained Miller Prizes f 
their authors, whilst the James Prescott Joule Medal for the period 1936 


Association. 
The Buenos Aires Association has held three meetings during t 


» 
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ession and a number of visits to engineering works have taken place, 
xcluding one to the forests and tannin-extract plant of the Forestal 
ompany at Villa Guillermina, Santa Fé, from the 20th to the 27th August. 
ir Follett Holt, K.B.H., M. Inst. C.E., has given a further donation to the 
nd bearing his name, from which the award of a Follett Holt premium 
or 1938 has been made to Mr. C. R. Sanders, Stud. Inst. C.E., for his 
aper entitled “ Notes on the Hallade Track Recorder.” The annual 
inner of the British Engineering and Transport Institutions, in which 
nembers of the Association took part, was held on the 23rd June. 

A general meeting of the Malayan Association was held at Singapore 
om the 20th to the 22nd October, and, in co-operation with the Engineer- 
he Association of Malaya, sectional meetings have been held at both 
ingapore and Penang, and a number of visits were paid to works of 
mgineering interest. The annual dinner was held at Singapore on the 
Ist October. A premium of $100 has been awarded posthumously to 
fr. J. M. Billing, B.Sc.(Eng.), Assoc. M. Inst. C.H., for his Paper entitled 
‘An Approach to the Problem of Improvement of Roads.” 

_ The report of the Shanghai Association for the past Session has not yet 
een received, but the report for 1938-39 showed that meetings were 
ontinuing to be held jointly with the local branches of the Institutions 
f Mechanical and Electrical Engineers and the Engineering Society of 
Yhina. The Association has suffered a severe loss in the death of Mr. 
Bertram Lillie, B.Sc.(Eng.), Assoc. M. Inst. C.E., who was its Honorary 
secretary and Treasurer for 1938 and 1939. 

The Victorian Association has held one meeting in addition to the annual 
eneral meeting, and the annual dinner took place on the 14th April last 
ear. Members of the Association had the opportunity of welcoming Sir 
.eopold Savile, K.C.B., Vice-President, during his visit to the Dominion. 
-The report of the newly-formed West Indies Association has not yet 
en. received. 

‘Association of London Students—The meetings of the Association 
vere suspended at the beginning of the Session, but Sir Clement Hindley, 
resident, invited the members of the Association to meet him at the 
Institution for an informal talk on the 5th January. He addressed the 
udents on the present position of education and training, and the necessity 
¢ maintaining a high technical standard, and stressed their responsibility 
or preserving the traditions of The Institution and of the profession. 
Subsequently the military obligations of civil engineering students and 
atters of procedure in regard thereto were discussed. 

The Lecture on “ The Boulder Dam” (originally delivered at The 
institution by Mr. J. L. Savage) was repeated on the 31st January. 
ee Research.—During the summer the Council, acting on recommenda- _ 
sions of the Research Committee, authorized the preparation of programmes 
research on the performance of concrete-mixing machinery and on the ~ 


mechanical properties of aggregates, and decided to arrange an exploratory 
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conference on the practical problems relating to the production and classi: 
cation of finely-ground materials. The Institutions of Mechanical, finim 
and Heating and Ventilating Engineers were invited to co-operate in ti 
setting-up of a Joint Committee to consider research into the workiti 
conditions governing the performance of fans. A Joint Committee wi 
the Institution of Mechanical Engineers was also appointed to investigas 
pneumatic and hydraulic conveyors. 
With reference to the researches already in progress, a revised code : 
practice for the use of structural steel in buildings, based on the Fim 
Report of the Steel Structures Research Committee, has been publish 
by the Joint Committee of The Institution and the Institution of Struct 
Engineers ; investigations have been carried out at the Building Resear 
Station on pile-driving, on vibrated concrete, on special cements, ~ n 
earth-pressures ; and preliminary experiments have been undertake: 
the National Physical Laboratory in connexion with velocity formul]| 
for open channels and pipes. Investigations on earthing to metal wate 
pipes and water-mains, repeated stresses in structural elements, wav 
pressures, simply-supported steel bridges, and fish-passes have reache 
advanced stage. Programmes of research into the soil-corrosion of mete 
and cement products, and on bituminous jointing materials for concre 
are also in hand. a 
Since the outbreak of war, owing to investigators being engaged « 
work of national importance and to the difficulty of arranging meetin: 
of members of the various committees, little progress has been possibb 
though it is hoped that, as far as circumstances permit, some of the wo: 


concerned to consider the desirability of such resumption in relatior 
facilities for carrying out the researches. 
Sea-Action Committee.—A report by Dr. J. Newton Friend on 
results of the investigations in connexion with iron and steel specimes 
is now in course of preparation, and will shortly be published by T 
Institution as the Eighteenth Report of the Committee. This W 
constitute the Final Report upon this branch of the Committee’s work, 
will contain a full account of the work and the experiments carried out: 
Arrangements have been made for the continuance of the investiga 
on timber under the direction of the Forest Products Research Laborato 
and a short resumé of the work of the Committee to date has been prepare 
by the Laboratory. 
Tests on reinforced-contrete specimens exposed at the Building Resear 
Station and at Sheerness are being continued, and arrangements are beir’ 
made for the return of certain specimens from the Gold Coast. 
It has been decided to reconstitute the Committee, with the sam 
membership, as a Committee of the Research Committee of The Instit 
tion, with Mr. W. T. Halcrow, Member of Council, as Chairman. Th 
funds of the Committee are to be absorbed into the “ Research Reserve 
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but will be administered by the Sea-Action Committee and only applied to 
the purposes for which they were originally subscribed. 

_ The Council wish to take this opportunity of recording how much the 
services of Mr. Maurice F-G. Wilson, as Chairman of the Committee since 
1921, have been appreciated. 

__ Railway Engineering Section.—Approval was given to the forma- 
tion of this Section, to include within its scope all matters appertaining to 
the study of railway engineering relating to planning, construction, main- 
tenance, and research, and including structures, rolling-stock and equip- 
ment, and matters akin thereto. Members and Students are eligible to 
egister their names for this Section. 

_ Engineering Public Relations.—The Engineering Public Relations 
Committee (upon which are represented seventeen co-operating Institu- 
tions) decided that in future it would act in an advisory capacity only, 
aving the co-operating bodies to carry out such publicity as they think 
‘on behalf of their own Institutions. The Council thereupon decided to 


lowing definition of its functions :— 


The functions of the Committee are to disseminate knowledge 
for the general advancement of Engineering Science through the pre- 
sentation to the public of information concerning the science and 
practice of Engineering and its services to the public, and to this end 
to arrange lectures for young persons and others interested, to make 
contacts with the Press, the British Broadcasting Corporation, the 
» Public Relations Officials, and, where desirable, to co-operate with 
_ other Institutions and Societies. 


~ Nominations and Appointments.—Various nominations and appoint- 


ve bodies and committees as detailed in Appendix I to this Report 
. 360-361). 

Accounts.—The Accounts for the year ending 31st March, 1940, which 
e been duly audited, are detailed in Appendix II of this Report 
yp. 362-372), and may be summarized briefly as follows :— 


- The Total Income for the year amountedto . . . . £40,847 
(as compared with £47,117 last year) including 

£375 for Income Tax recovered. Subscriptions, 

Entrance fees and Examination fees totalled 

£44,185 (as compared with £45,336 last year) and 
Dividends and Interest received amounted to 

a £1,137 (as compared with £1,208 last year). 
The Total Expenditure charged against the year’s Income on 
g Sremnented: tO Shera: cate ape Teo , £44,253 


1% Wi 


La 


_ year, viz. from £2,962 to £3,069. The expenditure incurred amounted ’ 
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(as compared with £45,787 last year) including 
Provisions of £13,300 (viz. £12,000 for Publi- 
cations Account and £1,300 for Research Reserve). 
The General Revenue Account therefore results in a credit 
balance of . . £1,59 
to which has been sollte the credit ‘alanine of 
£281 brought forward from last year, resulting in a 
final credit balance of £1,875, which has been : 
deducted from the overspent balance on “ Publi- 
cations Account” (£5,877), thus leaving an amount 
of £4,002 to be liquidated in the future. 


Cash at bankers and in hand amounted to £12,271 (compared with 
£8,174 last year) at the close of the financial year, due to the receipt, a 
in past years, of a substantial proportion of the current subscription 
during the first quarter. This balance is required to finance expendit I 
during the remainder of the year. 


& 


The actual expenditure during the year on “ Publications at 
amounted to £13,714 (compared with £16,295 last year), of which £9,189 
represented the cost of the Journal. This expenditure was relieved b; 
credits for advertisements, sales, etc., of +e 3 (against £5,182 last ee ) 


£2,593, whereas the credits (made up of the appropriation from Revenua 
Account of £1,300, and contributions by outside bodies of £1,400) totallec 
£2,700. 


by £376 during the year, viz. from £5,211 to £5,587. 
On Trust Funds Income Account there was received a total of £1,3 
(£1,241) and the expenditure amounted to £965 (£1,048). 
During the year a sum of £44 in interest has been received in respet 
of the research into the Deterioration of Structures exposed to Sea-Action. 
whilst the expenditure was £245 (£691). | 
Library.—During the year 779 volumes were presented to the Library 
and 279 were purchased, making a total, on the 31st March, 1940, of 62,89 0. 
eee Library applications totalled 1,729, being 414 less than in Session 
-39 
Facilities have been afforded to various Government deparancalal n 
connexion with researches desired by them, and it is evident that the 


central position of The Institution and the resources of its Library have 
been appreciated. 


— > 
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_ Gifts.—Mr. W. J. E. Binnie, M.A., President 1938-39, has presented 
to The Institution his portrait, painted by John St. Helier Lander. The 

Council have also accepted from Mr. A. T. Coode, B.A., M. Inst. C.H., a 
framed Memorial, dated 1892, from the American Society of Civil 
Engineers on learning of the death of Sir John Coode, Past-President ; 
‘and a number of books of historical engineering interest, presented by Sir 
Arthur Preece, M. Inst. C.E. 

_ Examinations.—The number of candidates presenting themselves 
for the October, 1939, examinations was 393, namely, 50 for the Pre- 
iminary Examination and 343 for the Associate Membership Examination. 
Phe entries for the April, 1940, examinations were 77. for the Preliminary 
dxamination and 423 for the Associate Membership Examination. 
- Bayliss Prizes of the value of £15 have been awarded to Mr. Goriune 
[Thaddeus Gregorian, Stud. Inst. C.E., and Mr. William Eugene Blackmore, 
Stud. Inst. C.E., in respect of Sections A and B of the Associate Membership 

ixamination for April and October, 1939, respectively, and Mr. Chhotalal 
Hirachand Sanghvi, B.E., Assoc. M. Inst. C.E., has received honourable 
‘mention in connexion with the former examination. 


_ The Council have decided :— 


y 


(1) to rescind the rule requiring Students of The Institution to have 
belonged to that class for 1 year before entry for the 
Associate Membership Examination. 


(2) that the April Associate Membership Examination be held in 
the Northern Hemisphere and the October Examination in the 
Southern Hemisphere as before, but that the October Exami- 
nation be held also in the Northern Hemisphere at the follow- 
ing centres :— 


Bombay, Calcutta, Madras, Colombo, and Singapore. 


'__ (8) that the restriction requiring Students of The Institution to be 
4 more than 20 years of age before entry for Sections A and B, 
or Section A only, of the Associate Membership Examination, 
may in the discretion of the Education and Training Com- 
mittee be waived in cases as they arise, where it can be 
shown that preparation for the examination in those sections 
may be adversely affected by the Military Training Act. 


In and after the year 1941 The Institution Preliminary Examination will 
replaced by the Common Preliminary Examination to be conducted 
the Engineering Joint Examination Board. 

James Alfred Ewing Medal.—The award of the James Alfred 
ring Medal for 1939 for specially meritorious contributions in the field 
ngineering research has been made to Professor Geoffrey Ingram 
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Taylor, F.R.S., on the recommendation of the President and Sir William 
Bragg, President of the Royal Society. Suggestions put forward in their 
personal capacities by the Presidents of the Institution of Mechanical 
Engineers and the Institution of Naval Architects were considered. 7 
Charles Hawksley Prize.—Eleven entries, including two from South 
Africa, were received in competition for the Charles Hawksley Prize Com- 
petition for 1940, the subjects for which were a water-tower and a traffic 
roundabout having an underground garage which might, in emergency, be 
used as an air-raid shelter. The result of the competition will be announ 


later. 

Institution Luncheon.—In place of the Annual Dinner, which, . 
circumstances, the Council decided should not take place this year, an 
Institution Luncheon was held at the Savoy Hotel on the 19th April, and 

~ was attended by 268 members and guests. 

Conversazione.—The Conversazione was held on the evening of 
Wednesday, 14 June 1939, when some 2,600 members and ladies were» 
present. A Conversazione will not be held during the coming summer. ~ 

Accommodation lent to Government, etc.—Since the commencement 
of the war, The Institution has given billeting accommodation to the 
Office of Works, the London Fire Service, and some A.R.P. services. } 

Staff and War Service——A number of the staff of The Institution 
have already been called upon for national service and others will be: 
called up for active service within the next few months: accordingly steps 3 
are being taken to lessen as far as practicable interference with the work: 
of The Institution consequent upon the withdrawal of experienced members } 
of the staff. | 
_ Deaths.—The Institution has suffered the loss by death of a Past-- 
President, Dr. W. B. Worthington; one Honorary Member, Colonel | 
R. E. B. Crompton, C.B., F.R.S.; three Members of Council, Mr. T. H. 
Bailey, Mr. G. J. Griffiths, and Dr. Julian C. Smith; and four former 


Engineer Vice-Admiral Sir Henry J. Oram, K.C.B., F.R.S., and Mr. A. M. 
Tippett. 
_ The death has also occurred, at the age of 80 years, of Dr. J. H. T, 
Tudsbery, Honorary Secretary of The Institution, whose epitaph might 
suitably be contained in the following resolution passed at the Ordinary 
Meeting on the 7th November, 1939 :— 


regret with which they have learned of the death of John Henry 
Tudsbery Tudsbery, D.Sc., M. Inst. C.E., whose work in developi ng 
the objects of The Institution during the twenty-six years of his 
Secretaryship from 1896 to 1922, and his connexion thereafter as 
Honorary Secretary, are gratefully appreciated. 


(The full list of deaths is given under the heading “ The Roll.”’) 
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_ The Roll.—During the year ending on the 31st March, 1940, 1 
‘Honorary Member, 12 Members, 343 Associate Members, and 2 Associates 
were elected ; 546 candidates were admitted as Students, and the names 
of 3 Members, 25 Associate Members, and 2 Students were restored to the 
‘Roll. From this addition of 934 must be deducted the deaths, resignations, 
_ erasures, over-age Students, and the Students elected Associate Members, 
“amounting to 588 in all, showing a net increase of 346; 75 Associate 
~ Members were transferred to the class of full Members. The Roll on the 
| 81st March, 1940, stood at 12,959, the changes which took place during 
the year ending on that date being shown in the following Table :— 


se ————————E—Eee——eEeEeeeeeeeee—e 
ee 1 April, 1938, to 31 March, 1939. 1 April, 1939, to 31 March, 1940. 
ee bal @ |oul 8 | ot | os a} go | a 
Sal a|sa)] 3 |g | Totals. Sa| 2/82! 8 | 3 | Totals. 
n ae a 5 
ge| 2 |2s| 2 | & gs] 8 (28) 2 | ¢ 
umbers at 
commence- 19 |2286/7349| 54 [2433] 12,141] 19 |2322/7543) 54 |2675) 12,613 
i} 
Associate =| Ap es 
Members LOR), 101) =. |) =~ .. |475|—75) .. 
— to Members 
} —1;4+1 
. 17| 408} 3]... 1 | 12) 343) 2).. 
-- | + | 581) Ui aogs} -- | 2. |... | 546] & + 934 
7 6 1 soe sp 25] 2 
65| 59 4 LG edie eee 6] ) 
21; 45). 2 9 32} 61) 2) 13 
2) 13) sick .l6 CMTE EN by. 
Honora i Gensel 2 soilless 
i saber L __ 551 — 588 
ia 
Elected as ve 
Associate Hath? ees hls Worth call icon OE 
- Members 
60 
a ae We? Dimes 5 4.346 


embers at 19 |2322I7543| 54 |2675| 12,613] 19 [2303/7680] 51 |2906| 12,959 
termination 


The full list of deaths is as follows (E. refers to election, 7’. to transfer, 


nd A. to admission) :— . : 
- Dearus.—Honorary Member (1).—Rookes Evelyn Bell Crompton, C.B., F.R.S., 

, Electrical Engrs. BB. (r.) (z. Member 1886. 2. Honorary Member 1934). eh att 
Members (73).—Arthur Stowey Bailey, O.B.E. (2. 1894. 7. 190d); Thomas 
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Henry Bailey (£. 1896) (Member of Council); Alexander Bishop (£. 1900); Robe 
Boath (z. eA ci HN Charles John Brown, C.B.E. (£. 1900. 7. 1905); Georg: 
Elliot Browning (£. 1893. 7. 1903) ; Charles Martin Burls (2. 1920) ; George Arthw 
Burls (z. 1898. 7. 1904); Thomas Edward Burrows (£. 1902); William Chatha 
C.M.G. (2.1885. 7.1897); Francis William Clements (z. 1914) ; Charles Henry Colson, 
C.B.E. (£. 1890. 7. 1901); Henry William Bland Cotterill (z. 1910. 7. 1926) 
William Channing Cushing (z. 1915) ; John Vipond Davies (2. 1910) ; Albert Deniso1 
(z. 1886. 7. 1903); Charles Dru Drury (2. 1930) ; William John Dunning (#. 1926) 5 
Charles Frederick Farrington (z. 1923); Harry John Fereday (#. 1927) ; Alfred Fyso: L 
(z. 1875. 7, 1884); Edward Garside (#. 1895. 7. 1914); George Gonsalves, O.B.E, 
(z. 1900. 7. 1909); Andrew Paton Gray (2. 1886. 7. 1904) ; Griffith John Griffiths 
(2.1914) (Member of Council) ; Gilbert Macintyre Hunter (z. 1888. 7. 1912) ; Summers 
Hunter, C.B.E. (z. 1910) (former Member of Council) ; Sir Arthur Jackson (2. 1907) 
Sir Henry Japp, K.B.E. (z. 1895. 7. 1905) ; Ralph Kirby (z. 1915) ; James Norma 
Digues La Touché (£. 1902); Frederick Mackenzie Lea (#. 1902. 7. 1915); Gusta 
Lindenthal (z. 1890); James Walls Mackison, C.I.E., B.Se. (z. 1900. 7. 1913) 5 
James Borrowman Maclean, C.B.E. (z. 1918); Duncan MacPherson (z. 1884. 
1891) ; William Temple McQueen, B.Sc. (z. 1894. 7. 1908); Henry Marsh, C.I.E 
(2.1877. 7.1890); The Rt. Hon. the Earl of Mayo (z. 1886. 7. 1896) ; Charles George 
Millican (z. 1918. 7. 1934); William Burton Saville Mills (z. 1884. 7. 1909); George 
Geoffrey Nelson (z. 1911. 7. 1933); William Newlands (z. 1924); George Taylor 
Nicholson (z. 1888. 7. 1902) (former Member of Council) ; Sir John Rumney Nichol- 
son, O.M.G. (z. 1897. 7.1903); Richard Francis Mary O’Connor, B.A., B.E. (z. 1903. 
7, 1936) ; Engr. Vice-Admiral Sir Henry John Oram, K.C.B., F.R.S. (2. 1897) (former 
Member of Council) ; James Harvey Williamson Park, 0.B.E., B.Sc. (z. 1893. 7. 1912) ; 
Henry Willock Ravenshaw (z. 1890. 7. 1918); William McGregor Ross, M.Sc., B.A. 
B.E. (2.1904. 7.1913); Oscar Fridolf Alexander Sandberg, O.B.E. (z. 1905. 7. 1918); 
Walter Shellshear (z. 1882. 7. 1892); William Croasdill Shettle (z. 1902. 7. ra 
John Dann Smelt (z. 1886. 7. 1899); Eric Roskilly Smith (z. 1915. 7. 1927); 
Julian Cleveland Smith, LL.D. (z. 1929) (Member of Council) ; James Parry Swetten- 
ham, O.B.E., V.D. (z. 1927) ; Joseph Eaves Swindlehurst (z. 1886. 7. 1900) ; ,Arthur 
May Tippett (2. 1893. 7. 1906) (former Member of Council); Arthur Reginald 
‘Trevithick (z. 1905); John Henry Tudsbery Tudsbery, D.Sc. (z. 1885. 7. 1892) 
(Honorary Secretary); Samuel Matthews Vauclain, D.Sc. (z. 1907); William Park 
Weir (z. 1894. 7. 1911); Alfred Hale White, M.A. (z. 1918. 7. 1928); Frederick 
Edwin Whittle (2.1904. 7. 1923); Henry Gilbert Whyatt(#.1892. 7.1913); Frederic 
Charles Widdop (#. 1920); Harris Gregory Williams, O.B.E. (z. 1912); Richar 
Williamson (£, 1892. 7. 1921); John Mackworth Wood (z. 1884. 7. 1900) ; Thoma 
Hale Woodroffe (z. 1906) ; William Barton Worthington, D.Sc. (z. 1880. 7. 1884) 
(Past-President) ; James William Wyatt, F.C.H. (z. 1883. 7. 1906). | 
Associate Members (71).—George Dyson Aspland (z. 1915); Llewelyn Birchall 
Atkinson (z. 1888) ; Arthur Lionel Ballard, B.Sc. (z. 1923) ; Charles Frederick Bamford — 
(2. 1892) ; Joseph Nicholson Beatty, B.E. (z. 1898); Ernest George Beck (2. 1907) 7 
David Quintin Bell (z. 1907); Robert Birkett (z. 1883); William Blackwood; B.Sc. 
(#. 1928); Martin Alfred Blenkinsop (#. 1903); George Creswell Bond (z. 1889); 
Edward Johnson Brown (z. 1887) ; William Henry Budler (£, 1918) ; Richard Hanson — 
Cabena (#. 1905); Ashford Vincent Clarke (z. 1909); Kenneth Bernard Cockle, — 
B.A.T. (#. 1933); Cecil Alfred Colyer (2. 1905); Henry Goodall Copestake, B.Sc. 
(z. 1914); Frank Sydney Cutler (z. 1915); Alexander Robertson Deans (z. 1924) ; 
Henry Mangles Denham (z. 1895) ; Arthur De Saubergue (z. 1881); William Dickin- 
son, M.C. (z. 1923); John Angus Douglas, B.Sc. (2. 1912); Ernest Edward Francis 
Ellis, B.A., B.A.T. (2, 1935) ; Edwin William Frederick Fraser-Smith, M.A. (z. 1906) 5. 
Harald Burton Gates (2. 1907); Larenzo Gatt, C.M.G. (z. 1887); Harry Geen (2, 
1904); Inglis Joseph Gerard, M.Sc. (2. 1917); Henry Joseph Hamp (z. 1882); 
Benjamin Arthur Harrison, B.Eng. (2. 1922); Thomas Francis Harvey (£. 1892); 
Edward Robert Hinchsliff (z. 1908); Arthur John Hobson, M.C., M.A. (2. 1911)5 
George William Holmes (4. 1892); Frederic William Howard (#. 1894); Maurice 
Kerr Ingoldby (#. 1919) ; Piroshaw Bomanjee Jeejeebhoy (2. 1887); Samuel Jickel 
(2. 1889); Cyril Roy Kinton (#. 1927); Arthur Lyndon Lawrence, M.A. (£. 1910) 
Bertram Lillie, B.Sc. (#. 1928); Francis Maddison Long (z. 1893); Robert James 
Longley (#. 1903); George Andrew Middlemiss Luff (z. 1891) ; Charles Stuart McNeill 
(#. 1911) ; Robert Alan Erskine-Murray, O0.B.E. (2. 1900) ; Ernest Willoughby Nardin, 


“3 


Sha 
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_B.E. (z, 1899) ; Richard Nelson (z. 1910) ; Richard Trefor Phillips, B.Sc. (Eng.) (z. 
1930); Ernest Brecon Powell (z. 1916); William Henry Pretty (z. 1897); Hubert 
“Price (Z. 1930) ; Narciso Puig de la Bellacasa y Sanchez (Zz. 1893) ; William Archibald 
Radice, B.A. (z. 1910); Peter Ransome (z. 1935); Herbert Crompton Rawsthorne 

(@. 1912); Leo Gabriel Seheult (z. 1914); George Reid Shaw (z. 1920); John Shaw 

(2. 1899); John Michael James Smith (z. 1915); Sydney Arthur Smith (z. 1901) ; 

- Frederic Wilber Stephen (Z. 1893); Philip Guy Wilmot Stokes (z. 1929); Harold 

~ Gunson Thorpe (#. 1924) ; William George Walker (z. 1895) ; Arthur Stanley Watkin- 

son, M.Eng. (z. 1917); Vincent Sydney Woods (z. 1887); Francis Houlton Wrench 

/(@. 1895) ; Francis Colin York (z. 1891). 

___ Associates (2).—Vice-Admiral Sir Henry Percy Douglas, K.C.B., C.M.G. (z. 1921) ; 
Horace Moore Thornton (z. 1917). 

Students (6).—Edmond Albert Dasnieres, B.Sc. (4. 1936) ; Derrick Lonsdale Dew- 

- hirst (4. 1937) ; Lenox Paton Cleland Figgis (4. 1939) ; Francis Jack Haddy (4. 1937) ; 
Robert Morton (4. 1935); Gerard Francis Wareing (4. 1935). 


Es The following resignations have been received meh 


Members (32).—Mahmoud Aly Alluba, M.Eng. (2. 1916. 7. 1926); William Henry 
_ Anderson (z. 1904); Nathaniel Washington Bancroft (z. 1916. 7. 1928); Charles 
‘Seager Berry (z.1910. 7.1914); Basil Tanfield Beridge Boothby (z. 1904. 7. 1914) ; 
~ Godfrey Thomas Bradley (#. 1912); William Henry Breithaupt (z. 1908); James 
_ Brown (z. 1900. 7. 1905); Henry Coen Cagli (2. 1924) (since reinstated) ; Archibald 
- Sidney Campbell, O.B.E. (z. 1917); Leonard George Crawford (2. 1905. 7. 1930) ; 
Herbert Augustine Cresswell (z. 1905. 7. 1921); Robert Davison, B.E. (z. 1906. 
"7, 1923); Graves William Eves, M.A., M.A.I. (z. 1899. 7. 1912); Samuel Edgar 
- Fedden (z. 1901. 7. 1905); George Gibbs (z. 1904); Ray Douglas Theodore Heap 
‘(z. 1894. 17. 1903); Sir Frederick Thomas Hopkinson, K.B.E. (z. 1889. 7. 1907) ; 
_ Albert Humphries, C.B., C.B.E. (z. 1915); Hyotaro Inagaki (z. 1908); William 
- Arthur Ker (z. 1896. 7. 1913); Ernest Matthew Lacey (z. 1898. 7. 1899); Harold 
- Lawton, F.C.H. (z. 1932) ; Arthur Henry Ough (z.1901. 7.1911) ; Sir Percy Rothera, 
_0.B.E. (former Member of Council) (z. 1910) ; John Storm (z. 1910); Arthur Taylor 
_(z. 1898) ; Lionel Percy Duncuft Taylor, O.B.E. (#. 1911) ; Erskine Philip Watson 
(z. 1912. 7. 1929); Arthur Noel Joseph Whitley (z. 1920) ; Henry Stuart Beville 
Whitley (z. 1921) ; Thomas Percival Wilmshurst, M.B.E. (z. 1927). 

Associate Members (61).—John Logie Allison (z. 1893) ; Frederick Theodor Aman 
- (e. 1897) ; Adam Charles Eric Anthony (z. 1919) ; Myers Babington, M.C. (z. 1928) ; 
Francis Patrick Barry Beard (z. 1924); William Chris Bollam (#. 1909); Herbert 
“Ivor Bond (z. 1905) ; Augustus Robert Bowles (z. 1893) ; Archibald Preston Cameron, 
B.A. (z. 1899): Arthur Cameron (Zz. 1901); John Samuel Carmichael, B.A. B.E. 
(z. 1920); Wilfrid Joseph Dilley, B.Sc. (z. 1900) ; Harry Duncan (z. 1907); Joseph 
_ Edward Fadelle (z. 1904); Henry Elliot FitzGibbon, B.A., B.A.I. (z. 1920) ; George 
- Purdon Geen, M.C. (z. 1910) ; James Goodman (z. 1894) ; Richard Goodman (z. 1894) ; 
George David Gray, B.A.I. (z. 1896) ; Noel Henry Rose Griffin (z. 1908) ; William 
- Henry Haigh (z. 1902); George Walls Hilditch (z. 1910) ; Norman Kenneth Holmes 
(z. 1923); Percy Philip Hore (z. 1902) ; Alexander Egerton Hubbard (z, 1920) ; 
Campbell Murray Hunter, M.A. (z. 1904) ; William Edward Huston (z. 1900) ; Charles 
Edward Jefferis (z. 1912) ; Charles Norton Llewellin Kidder Legge (z. 1916) ; Aubrey 
Lawrence Lingard, B.A. (z. 1917) ; Raymond Lloyd (z. 1931); Henry Montagu 
Lyons (z. 1926); Douglas Runnel Mackie (z. 1915) ; Joseph Clarke Collins Martin, 
B.A. (z. 1915); Frederick Wood Massey (z. 1915) ; Frederick Lewis Mayer, B.Sc. 
- (z. 1912); Owen Coore Mein (2. 1913) ; Whitwell Tryon Nash (2. 1905) ; Cyril Okell 
(z. 1918) ; Alfred Patch (z. 1897) ; William Todd Pickering (z. 1898) ; William Edwin 
_ Pincombe (z. 1896) ; John Portsmouth (z. 1896) ; Nai Chun Roonchit, B.Sc. (#. 1923) ; 
_ Edward Richard Ernest Rotter (z. 1896) ; Harold Berkeley Rowlands, B.E. (z. 1907) ; 
Frederick Murray Royle (z. 1897); Charles Emile Herbert Salmon (2. 1902); Alan 
"Carrick Smith (z. 1921) (since reinstated) ; James Gould Smith (#. 1894); Frederick 
Southey (z. 1900); Sidney Stallard, C.B.E., D.S.O. (z. 1895); Donald Macdonald 
- Douglas Stuart (#. 1906) ; Henry Curran Sturgeon (£. 1913) ; Shepherd Hoad Taylor 
(e. 1907); William Walter Warren (2. 1908); Richard Hubbard Welch (z. 1905) ; 
or Rolleston Fick West, D.8.0., B.A. (z. 1918) ; Ernest Carnegie Whelan (z. 1916) ; 


“Peg 
ee 


‘eal 
Po fe 


5 


_ Advisory Panel on Transport (Ministry of Trans- f O. R. H. Bury 


ort) 
cinta Office Sub-Committee on Air Raid Precau- 


D.Se., Ph.D. 
Court of the University of Bristol Raymond Carpmael, 0.B.E. 
Court of the University of Liverpool Thomas DADS O.B.E. 
Court of the University of Sheffield Sir See - Ellis, G.B.E, : 
Governing Body of the Imperial College of Science) Sir George W. Humphreys, 
and Technology K.B.E. t 
Council of the City and Guilds of London Institute © The President; M 
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1899). ; e 
DT esvutes (2).—Capt. George Charles Frederick, R.N. (2. 1903) ; Major Ernst Olaf ’ 
enrici, R.E, (ret.) (z. 1908 . 
s Students nt a sete oes Antill, B.E. (4. 1936) ; Myles Birkett Atkinso 7 
B.A, (4. 1934) ; Geoffrey Charles Ballard (4. 1932) ; Arthur John Batchelor (4. 1936) ; 
James Mortimer Gossow (4. 1932) ; William Arthur Henwood Harvey, B.A. (4. pe | i 
William Ralph Coleman Ivens (4, 1939); Ivor Gwyn James, B.Sc. (4. 1935); Neil 
Malcolm Rowland Moody (4. 1938) ; Thomas Michael Partridge (4. 1936) ; Robert | 
Elliot Sewell (4. 1937); Ram Vasudeo Tambe, B.Sc. (4, 1936); Herbert Leiceste r 
Keith Williams (4. 1936). i 


APPENDIX I. 
Royal Commission for the Exhibition of 1851 The President. 
Grant Committee of the Royal Society The President. 


Sir Alexander Gibb, G.B.E., 
General Board of National Physical Laboratory Perrone rig ins ri dma 


K.C.B., M.Sc. 


Department of Scientific and Industrial Research :-— 


Committee on Testing Work for the Building In-\ny,, president (or his Denn i 
dustry p > 


Mechanisation Board, Army Council W. G. Wilson, C.M.G.,, B.A. 


J. A. Saner. 
ie Sir Leopold H. Savile, K.C.B. 
are yee Professional Advisory Committee David Anderson, LL.D* Bisa 
Home Office Committee on Co-operation of Con- a sor W. Humphreys, | 
structional Industry and Civil Defence # 
Scottish Joint Consultative Committee :—Sub- 
Committee on Building Programme of Govern- > Archibald Leitch, B.Sc. 
ment Departments 


Technical Advisory Committee, Press and Censor-\ Sir Leonard Pearce, O©.B.E., - 
ship Bureau (Consultative capacity) Se. :4 
Science Museum AAs Council, Board of ey C. E. Inglis, O.B. 

Education M.A., LL. ‘“ F.R.S. 
Professor O. E. Inglis, O.B. 


Engineering Joint Examinations Board M.A., LL.D., F, RS. 


City and Guilds Fellowship Selection Committee E. G. Walker, B.Sc, 
Court of University College, Southampton i E. Wentworth-Sheilds, 0.B.E 


Governing Body of -the: School of Moule t or ee 
1 ody oO e School o etalliferous 
Mining, Cornwall F hs. G. Lawn, C.B.E. 


Panty 
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Thomason College, Roorkee, Advisory Council Gerald Lacey, B.Sc. 

JS David Anderson, LL.D., B.Sc. 

\W. T. Halcrow. 

(Sir Clement D. M. Hindley, 
K.C.1.E., M.A. 

) Sir Leopold H. Savile, K.C.B. 

= ; | (Deputy). 


Engineering Joint Council 


Engineering Public Relations Committee 


‘1; . > Gene W. A. Tookey. 

a. Engine Users’ Association HR. Ricar *, BA: ERS, 

ee rains Body es ee Denning Trust A. E. Cornewall-Walker. 

Tribunal o eal, London Building Acts (Amend-) q- 5 : A 

> ment) Act, eh 8 ( Usir Cyril R. 8. Kirkpatrick. 

Joint Committee on Materials and their Testing R. H. H. Stanger. 

Research Committee on High Duty Cast Irons of the| Professor Gilbert Cook, D.S8e., 
~ Institution of Mechanical Engineers F.R.S. 

Committee on Coal and Gas Engines of the Institu-\ Professor W. T. David, M.A., 
_tion of Mechanical Engineers Se.D., D.Sc. 

Welding Research Committee Ralph Freeman. 

Alloys and Iron Research Committee of the Institu-\ Sir Robert A. Hadfield, Bart., 

__ tion of Mechanical Engineers D.Se., D.Met., F.R.S. 

British Cast Iron Research Association f ee ar Bart., 


Permanent Commission of International Navigation f Sir Cyril R. S. Kirkpatrick. 
Congresses N. G. Gedye, O.B.E., B.Sc. 

ise Sir Richard A. S. Redmayne, 

General Organizing Committee, 18th International K.C.B., M.Sc. 

Geological Congress, 1940 The President or his Deputy (ex 

; 7 officio). 

Joint Committee on Co-operation between Overseas \ Sir Clement D. M. Hindley, 

embers of E.J.C. Institutions K.C.LE., M.A. 

itish Society of International Bibliography C. G. Du Cane, O.B.E., B.A. 
lational Service : Central Register, Advisory Council S. B. Donkin. 

National Service: Central Register, General En- {8. B. Donkin. 

ineering Committee The Secretary. 

arid ee Conference British National Com- cae ee ee 

‘orld Power Conference International Sub-Com- W. E: Halerow: 

mittee on Special Cements 

Electrotechnical Commission on ENV SRabinson, 


Committee on Internal-Combustion Engines 


The Institution is represented as follows on Councils of the British Standards 
stitution :— 
neral Council Sir Cyril R. 8. Kirkpatrick. 


Sir Clement D. M. Hindley, 
2 seodeae eet : ' K.C.LE., M.A. 
gineering Divisional Council } J. B. Davidson, C.M.G., M.Sc. 
| V. A. M. Robertson, M.C. 
ding Divisional Council B. L. Hurst. 


has also representatives on numerous Committees, Sub-Committees, and Panels. 


a Committee of the Canadian Engineering Stan-Ly y. Vaughan. 

rds Association 

_ Se - : ei J. 8. Wilson. 

phnical Committee, Noise Abatement League — 4 coi. 'C, M. Norrie, D.8.0., B.Sc. 
t+ Committee of The Institution, the Federation AV. J. Hh. Binnie, Meas 


Civil Engineering Contractors, and the Assovia- \ sir Leopold H. Savile, K.C.B.,.— 
m of Consulting Engineers on Standa on- | w. T. Halcrow. 
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BALANCE SHEET 


INSTITUTION CAPITAL ACCOUNT aNnD se 
Burtpine Funp 


As per last Account 


REPAIRS AND RENEWALS RESERVE 5 
As detailed on pages 364 and 365 . . . . Ar 5,587 16 & 


RESEARCH RESERVE 
As detailed on pages 870 and 871 . . . . af 3,069 1 


CREDITORS 107) Seirrwr sk id 3,852 2 § 


REVENUE IN SUSPENSE— 
Proportion of 1940 subscriptions received 


applicable to the 9 months from the Ist - 
April to the 3lst December, 1940 . . . 14,806 8 0 ; 
Subscriptions received in advance... 60 16 4 
14,867 4 =~ 
443,700 1 
TRUST FUNDS— 
Capital Accounts (see pages 368 and 369) . 38,017 6 3 
Unexpended Income (see pages 370 and 871). 3,307 18 3 , 
———————— 41,325 4% 
SEA-ACTION COMMITTEE ACCOUNT— 
As detailed on pages 370 and 871. . ., 516 1,191 “& 


£486,216 10 | 
Sh 
; 

AUDS 

We have audited the above Balance Sheet dated 31st March, 1940, and have « 


is properly drawn up so as to exhibit a true and correct view of the state of The Insti 
shown by the books of The Institution. ' 


| 


London, 25th April, 1940. 
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3lst MARCH, 1940. 


_ FREEHOLD PROPERTY—Instrrurr0n 
BuILDING— 


: At cost, as per last Account ; AS Oe = oOo 16010 
- INSTITUTION INVESTMENTS (including 


those held in respect of Repairs and Renewals 
Reserve) at or under cost, as detailed on 


SIG EFS 5 SS ee ee 50,294 0 4 
bs Note.— Market value at 29th March 1940, 
if £45,793. 
as 
MeDEBTORS. - ......%.. - 1,364 15 7 
ee CASH AT BANKERS AND IN HAND . . ses 12,271 9 10 
- REVENUE DEFICIT— 
pa Publications Revenue Account— 
ta Balance overspent to date (see page 364) . 5,877 1 O 
Less General Revenue Account 
Surplus at 3lst March, 1939 281 9 11 
Surplus for the year to date, 
per Account, page 866 . 1,593 12 7 
——————_ 1,875 2 6 
———— _ 4,001 18 6 
443,700 1 1 
TRUST FUND ASSETS— 
Capital :— 
Investments, as detailed on 
pages 368 and 369 . . 38,015 4 3 
Cash at Bankers. . . . pe el) 
38,017 6 3 
Unexpended Income :— 
Investments, as detailed on 
DUGeOO9 eee eet tee ol en 
Cash at Bankers. . . . 3,093 10 1 
———————  _ 3,307 18 3 
a —_—————. 41,325 4 6 
_ SEA ACTION COMMITTEE ACCOUNT— 
= £1,200 34% War Stock at cost . . . . 1,160 8 0 
Cash at Bankers 5, (oe Se een 30 16 5 
aoe (101 4% 


£486,216 10 O 
E. GraHam CuarK, Secretary. 


Erovination and explanations we have required. In our opinion such Balance Sheet 
ecording to the best of our information and the explanations given to us, and as 


Avan Ran Suir 
E. W. Monrxuovsz, M.Ivst.0.E. \ AUDITORS. 
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RESERVE FOR REPAIRS AND RENEWALS TC 

ee £ 8. did 
To Net EXPENDITURE DURING THE YEAR. . . . 815 3 Ill 


BALANOE carried down 


5,587 16 ¢ 


£6,403 0 ° 


PUBLICATIONS 
8. d, £83 
To Bauanog, per last account 8,036 2 
» EXPENDITURE DURING THE YEAR— 
Journal . . 9,189 16 7 
Charters, By- laws and Lists of Members. _ 612 6 6 
Engineering Abstracts ._ . 765 16 6 
Reports, etc. . ee See : 49 ll 4 
Salaries, Clerical Pay and -Pendans 
Premium . SRE. Mae aie ‘ 3,024 0 0 
Reporting ae Wy ee 
13,714 8 3 
Less Credits for bal viene — 
Contributions, etc. . 3,873 9 5 


———_ 9,840 18 


To Batanoz brought down, as per Balance Sheet, page 363 
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STRUCTURE, FURNITURE, FITTINGS AND MACHINERY. 


£ OSCE 
By oh: per lastaccount . . . . 5,211 15 10 
», INSTITUTION REVENUE Aoodewnc ee provided for the year— 

RETR DOGCE SOO gw os ig sm on ‘uate Tats soe 2 OOO Le Os 0 
POINTHREST ON. ENVESTMENTS . 9. 0 0i004) “Ao RSE SS W470; go 
PEINCOMMCEAX KEFUNDED-. -. ss «+ . « 3) Sane 1 44, 

£6,403 0 7 
_ By Batance brought down, as per Balance Sheet, page 362. . . . £5,587 16 8 
— ——_ 
REVENUE ACCOUNT. 
a 3 8d. 
By InsTiTUTION REVENUE oan bos for the year— 
menage G06 os 2 6 te 6 + Fer aero eel, 000 5080 
ia 
, BALANCE carried down mae Excess of net ep over 
Provision) . . : SOS Lien ka) 


£17,877. | 0 


ae 
“oy a 
366 REPORT OF THE COUNCIL. 
GENERAL REVENUE AC C 
1938-89 EXPENDITURE. 
£ To Housr anp EsTaBLISHMENT CHARGES— fags ya) 
Rates, Health, Unemployment and other Insurances 6,597 2 10 
Electric Lighting and Power, Water- Sopply, Warm- : 
ing, Ventilating, and Telephone. . . . 1,020 14 9 
Cleaning and Household Expenses. . . . . . 1,774 3 10 
Refreshments and Assistance at Meetings ee. LOTS mre 
8,177 —— 9,492 1 
,, REPAIRS AND RENEWALS RESERVE— 
1,000 Amount provided for the year, per page 365 eis =r 1,000 
5, SALARIES, WAGES AND RETIRING ALLOWANCES— 
Salaries . . ote Re ta akan ch Fl neha Lane 
Retiring Allowsmuee’s:. 20 yee. ck Ae ee 1,019 10 3 
Clerks and Messengers . . . . .. . . . 592710 3 
9,561 eee 
,, PREMIUMS ON PoLicres FoR STAFF PENSIONS— ‘ 
1,058 Portion paid by The Institution . . . . . . Re 1,177 Wa 
3, STATIONERY, PostTaGEs, ETC.— 
Stationery and Printing. ot a te Go og, Ee 
Postages, Telegrams snd Pandas. x 2 1,014 13 8 
PRIME —— 2,438 § 
3, PUBLICATIONS AcCCOUNT— 
12,000 Amount provided for the year, per page 365. . . ae 12,000 | 
», RESEARCH RESERVE— q 
2,600 Amount provided for the year, per page 371... a 1,300 — 
», LIBRARY— 
Books‘and Periodivals. 9 29 3 4) s. 2% 4.3.» wAT2 eee 
Binding ; - 299 2 0 
; Clerical Pay, Pensions Premiums and Assistance ~ J, L12> daeG 
1,679 1,884 
,, EXAMINATION ExPENSES— 
Examiners, Printing and General ._. ot 2 LbC7AG ey 
Salaries, Clerical Pay and Pensions Premiums > « L802 8S 3 
Postages’ 0s, fs ee ee ee ee ene t 
shal —————. 38,496 l4 
1,190 ,, CONVERSAZIONE AND ANNUAL DINNER . ae a dd 
58 ,, DrpLomas : 
», LOCAL AssocraTions— 
1,388 Grants to Local Associations, ete... " 
: », CONTRIBUTIONS TOWARDS ADVISORY ComarrrEEs IN 
: 60 THE DoMINIONS am A ay 
y ,» GRANTS AND CoNTRIBUTIONS— " 
: Engineering Public Relations Fund . . . . . hPa 
British Standards Institution . . . . . . . 50 0 0 
} Engineering Joint Council . . . . . . . .) 11210 O 
Wentminaster Hospital. . 5. 6 « «a 4 1010 0 
— World Power Conference . . 15 15 0 
“ AP International Standards Association Committee . 6F 0: 6 
— ,, American Visit AnD BirmincHam SumMER MEETING , 
,, LEGAL AND OTHER PROFESSIONAL CHarqrs— 
.. Legal Charges ivan nana, Si os RT Tt 
Engineers’ C a Oo ee ee eee ee Me CET Anise cn 
PomenE UnetRes A. ee ee ee, ees 
323 g s 5 aay 
124... Korres EXPENSES TO COMMITTEES . i 
he 213 ,, OTHER TRAVELLING EXPENSEs . ‘ 
ks 86 ,, GLasaow Cona@REss . . fae eae ‘ 
4 61 ,, INrEREst ON Bank OveRDRAFT . | |, : sik 6 
ee 45,787 rer 
‘_ 1,330 ,, Batancn, serya Excuss or INcomn over EXPENDI- =a 
4 TURE FOR THE YEAR AS PER BaLancr SHEET, page 363 .. 1 
£47,1 ule Si 


— i — ing 
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M ist APRIL, 1939, TO 3lst MARCH, 1940. 


INCOME. 1988-89 
cS EG Ee Se 


BSCRIPTIONS RECEIVED APPLICABLE TO THE FINAN- 


CIAL WwAa O39 1940 cus. ca me ceely ote elke ae 35,547 14 1 34,946 
‘TRANCE [SMS ss ic jc) tT las by at ne ate 5,439 0 0 6,426 
BEGOMPOSITION=<) 5 Sco Gj 4s ee kk is 100 0 O 200 


TEREST, DIVIDENDS, ETC.— 


On Institution Investments . .. . . - . 1,110 17_1 
f: 

On Current Account. . . - - »- + © + + 26, 90 
Income Tax refunded for the year 1938-9 . . . 387517 8 


a 1513 3) Sees 


<AMINATION FEES FOR THE OCTOBER 1939, AND 


Aprit 1940, EXAMINATIONS cae ee, eer es 3,198 9 7 3,964 
BRARY FunpD Donations . . - - : ; =a 48 12 6 BE 
% 


—————_ 


£45,846 1911 47,117 


tee 


368 


REPORT OF THE COUNCIL. 


= 


_ 5 oe ; "ne 
- a ed 


Capital 
Accounts. 


6,337 12 4 
500 0 0 


600 0 0 


640 0 0 


1,234 14 0 


1,647 10 10 


1,080 0 0 


1,318 11 8 


1,000 0 0 


22,566 18 2 


~ 


TELFORD Funp. 
£8,738 13s. Od. 249% Consols 
£50 16s. 11d. 34% War Loan 
Mansy Donation. 
£250 London & North-Eastern 
Railway 4% 2nd Guaranteed 
Stock . 
Miniter Founp. 
£5,129 17s. 5d. 24% Consols  . 
£1,513 15s. 9d. 349% War Loan, 
Howarp BEQUEST. 
£352 lls. 5d. 24% Consols .  . \ 
Cost of Medal Die . .. . 
TREVITHICK MEMORIAL. 
£103 24% Consols . . 
£506 5s. 7d. 34% Conversion Loan 
1961. 
CRAMPTON Brquest. 
£512 15s. 11d. 24% Consols. 
£40 13s. 7d. 34% War Loan ; 
JAMES setae ns LECTURE AND MEDAL 


£465 § rs Sa Railway 4% Deben- 
ture Stock. . : 
£667 5s. 8d. 34% War Loan 
PALMER SCHOLARSHIP. 
£1,650 10s. Od. 3% Redemption 
Stock, 1986-1996 . : 
£100 9s. 8d. 34% War Loan : 
Joun Baytiss BEQuEsT. 
£1,013 17s. 10d. London County 
3% Stock, 1920 . F 
£80 7s. 10d. 34% War Loan 
Tuer InpIan Funp. 
. £1,353 4s, 2d. 24% Consols . 
£171 13s. 3d. 34% War Loan 
Vernon-Harcourt Brquest. 
£1,082 9s. 10d. ie eo 3% 
Stock, 1920; eal 


Carried forward . 


i e —  —) 


1,547 10 10 
00 0 


oo oc 9° 


oo 


on of 
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FUNDS. 
9F UNEXPENDED INCOME aT 31st Maron, 1940. 
Investments. 
Capital 
Accounts. : 
Capital. Varspenacy 
& ay d. Sagi Sage 
22,566 18 2 Brought forward 22,566 18 2 
1,300 0 O | Wess Brqusst. 
£1,055 7s. 2d. Metropolitan Water 
Board By sue Slaw: ole) ae 1,000 0 0 
eso £303 16s. 2d. 349 War Loan . 300 0 0 
2,733 1 10 | Wrttr1am Linpiiy Funp. 
£1,214 London Midland & Scot- 
i tish Railway 4% Debenture 1,584 16 8 
| Stock. . 
£1,109 2s. 9d. 44% India Stock, ; 
1950-1955. Sieh : 1,005 15 2 
£151 98. 7d. 34% War Loan 142 10 0 
_ 725 0 O | Ketvrn Mepat Fonp. 
ie £757 18s. 11d. 34% War Loan 725 0 0 
4,250 0 O | CHartes Hawxsiey Brqusst. 
i £955 Metropolitan Water Board 
3% “B” Stock . 573 0 0 
£500 South Essex Waterworks 5% 
Preference Stock. . : 435 0 0 
£70 5% Sheffield Corporation 
Water Annuities. . 1,992 0 0 
£40 4% Sheffield Corporation , 
Water Annuities. . 
£1,257 17s. 4d. 34% War Loan 1,250 0 0 
6 5 | Cooprrs Hm WaR Memoriat. 
£1,239 15s. Od. 34% War Loan 1,101 6 5 : 
: £215 12s. 3d. 34% War Loan . ee 214 8 2 
3.570 4 010. C. Linnsay Crvi. ENGINEERING 
ScHoLaRsHip FUND. 
=; £3,500 34% War Loan 3,570 4 0 
- 320 0 0O| Baker Mepat Funp. 
£290 5s, 8d. London County Cons. 
ow 41% Stock, 1945-85 320-0 0 
809 11 0 | James Atrrep Ewine Mzpa 
Funp 
4 £798 12s. 9d. Middlesex County 
us Council 3% Stock, 1961-1966 . 807 9 0 
_ 641 4 10 | G. H. Dunnison Fonp. 
Po £706 3s. 2d. 3% Local Loans . 641 4 10 
o> oe 
38,017 6 3 As per Balance Sheet, page 363 #38015 4 3) *214 8 2 


approximately to £35,207 and £215 respectively, 


Nore, —*The value of these Investments at ruling prices on 29th March 1910, amounted 


_,, Balance carried down . 


_ To Orner Exrrnses— 


370 REPORT OF THE COUNCIL. 
_ TRUST FUNDS INCOME ACCOUNTS FROM 


Trust Fund. Balance at 1st April, 1939 

= sien £ gett 
Telford Mandivetewnee . «= os oo eo +3518 8 
Monbyshand 0-5 5 =. « = he omen ll 6 0 
MailleraPund: «>.< s+ -6) oe) es 453 1 0 
Howard Bequest . "+... 0) eee Qu: 4 FF 
revithick Memorial. .. »....«) ssascusennnsite een 13 12 6 
Crampton Bequest . s,s ait et 120.76 
James Forrest Lecture and Medal Fuad «ss oe 9 4 5 
Palmer Scholarship Fund . . « Abe Saget 69 17 11 
Jobn Bayliss Bequest?" > 9 er) «eee 55 14 4 
Indian Fund. . SAS eee Se Tee ees. 25) 68 10 9 
Vernon-Harcourt Bequest fc Ce ON t- 92 TL aT 
Webb Bequest 8.3 ES). IS Ser oe. 255 1 2 
William Lindley Hund ?o"s) 9... “Steam eee 754 15 9 
Kelvin Medal'Fand i... ‘=. ees ee. Bees OR 110432) 38 
Charles Hawksley Bequest . . HOGL SL 200; 145 9 2 
Coopers Hill War Memorial Fund . Ai 339 2 3 
C. C. Lindsay Civil Engineering Scholarship I Fund . . 471 12 1 
Baker Medal Fund . - ae 22 2 0 
James Alfred Ewing Medal Fund... ea A4C, 32 3 4 
G. H. Dennison Fund. Oe, apt ae.” eS Se Me 9 5 10 

Totals £2,959 15 10 


COMMITTEE ON THE DETERIORATION OF 
Account From Ist ES fa 1938 , 
. 


To Amount paid on behalf of or to the Committee peared the re to 


3lst March, 1940 . 245 2 


clveiic. 1900 aa 
£1,436 6 


4 
> 7 


ud RESEARCH | 

To RrsEaRcH— | 

Earth-Pressures Research . fash 0 ; | 
Wave-Pressures Research. . . 100 0 0 
Soil-Corrosion of Cement Products Research . cf Ieee LO 
Earthing to Water-Mains Benenih 3 ete tay .@ COOH OD © 
Welding Research. . ALLIES dong Ee Takes O08 
Velocity-Formulas Research . my cides? Oia one 
Joint Committee on Materials and their Testing vip heen Sree. O 


1992 18 


Travelling Expenses to Committees. . . site es eNO “LO 
Salaries, Clerical Pay and Pensions Premiums. . (eT e le 
Sundries, including Printing, Travelling,ete. . . . . 2718 5 
Less Sales of Reports eae 10 3 
. a 600 13; a 
fo; DALANOE carried down... 3 41.4... %- 2 4 3/060 1 
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Home: Taolading & Income 

Tax petinded for the year Expenditure on Scholarships, Balance at 31st March, 1940, 
je a a Spee is Soe Sods 
220 16 4 192 10 7 64 4 5 

9 8 6 21 0 6 0 6 O Dr. 
188 610 105 6 10 536 1 O 
819 2 — — — 18 3 9 

2219 1 31 1 0 5610 7 
14-5, 2 15 12 6 0 6 10 Dr. 
40 14 1 47 9 6 2 9 0 
60 18 7 43 15 0 | 87° 1 6 
38 5 10 —— — 94 0 2 
40 17 10 15 0 0 94 8 7 

S 38 7 10 — — — 130 19 5 

z 43 18 6 15 0 0 283 19 8 
118 16 10 160 0 0 Wiovla 7 
28 411 —-— — 138 6 11 
197 13 6 226 7 6 116 15 2 
92.17 11 44 17 10 347 2 4 
129 18 O 12 10 O 589 O 1 
15 4 0 —_—-— — 37 6 O 
22 13 3 2415 0 30 1 7 

es 20 2 6 10 0 O 19 8 4 

me £1,313 8 8 £965 6 3 £3,307 18 3 


0 31 st Marca, 1940. 


| UCTURES EXPOSED TO SEA ACTION. 


ft Of which £214 8s. 2d. is invested (see page 369). 


, 


alance brought down as per Balance Sheet, page 362. . . .« 


; fsa: 
Balance, as per last ae CSO Leaded 
, Interest on Investment or Deposit. 4419 4 

se £1,436 6 5 

, Balance brought down as per Balance Sheet, page 362 . 1,191 4 5 

Ae 

Seeds 

Balance, as per last ngeant = 2,962 10 3 

Contributions from other Bodies » aw, 1,400.0 0 
Institution Revenue Account—Amount provided f for the her ia 

per page 366. ie: ,300 0 0 

£5,662 10 3 

. £3,069 1 3 


ss ee | a ies vee og eo 
ae eee “2 ae 
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Z Le 
a 


INSTITUTION INVESTMENTS AT 3lsr MARCH, 1940 (INCLU: 
= THOSE HELD IN RESPECT OF REPATRS AND RENEW 
RESERVE) AT COST. a ‘. o 


Sino he a. OF ; j £ 8. a 

3,000 0 O Metropolitan Water Board 39%, “B” Stock. . | +/ 2,968 16 
; 6,000 0 9 London and North Eastern eigen #% Debenture "4 
7 Stock . F 
> 6,000 0 0 London Midland a Scottish Railway 4% ‘Debenture ’ 
: Stock . : 4% 

2,545 0 QO London Midland an Scottish Railway 49% Guaranteed 

Stock 
5,994 15 2 34% War ia eee: 2 
2,720 London Passenger Transport Board 440% os A % Stook « 


34% War Loan . 


~ London Midland and Soottish Railway 4% Guaranteed! 
Stock 


989 14 7 London Poeun eae we pad 44% “« <A = "Stock . 
5,327 6 5 New Zealand 3% Stock, 1952-1955 . . .. . 


9,400 0 0 Middlesex County sara 3% pysmiciaans Stock, 
1961-1966. . ak rate 3 


470 4 3 3% Local Loans. ihe 2 


National Gas and Oil Bngine C Co., ele 3,386 Ordinary Pea 
i Shares of £1 . . . A 2,668 16 


oo 
fe 2) 
S 
co 
Se sete Che.» 
ow on te 


. 


4 


aad ; 
es As per Balance Sheet, page 363 . . £50,2§ 
ae _ Norn.—The value of these Investments at ruling prices on 
29th March 1940, amounted approximately to £45, 793, 


~ S » — 
. Baa. 2 re aR hee 
pret : 
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Paper No. 5230. 

- “Highway Transition-Curves: A New Basis for Design.” 
By Huan Aran Warren, M.Sc. (Eng.), Assoc. M. Inst. C.E. 
(Ordered by the Council to be published with written discussion.) 
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INTRODUCTION. 


[ue basis of transition-curve design at the present time is the safe, natural, 
x comfortable rate of gain of radial acceleration, denoted by C, whether 
or not its value be accepted at unity, Shortt’s original figure for railway- 
curves. Many have doubted the desirability, or necessity, of adhering 
too strictly to the standard of C =1, but the Author, in the course of 

e experimental work on this point?, not only proved without any 
oubt that ( — 1 was very far from practical reality, but he also began to 
ve misgivings as to whether the conception of C was of itself a suitable 
asis of design at all. It is variously conceived as (1) the rate of gain of 
entrifugal acceleration, (2) the rate of increase in the angle of banking or 
erelevation, (3) the rate of turning the steering wheel, and (4) the rate 
gain of lateral, force on the passenger ; and it has no immediately 
bvious ‘natural’? value. The experimental work referred to con- 
sively showed that its value could vary within the widest limits without 
cting comfort or safety. If there is any limitation upon its value, it 
es either from (3). above, or, more indirectly, from the effects in a vertical 
ne discussed in this Paper. An approximate value obtained by relating 
value of Cand the rate of turning the steering column is obtained by 


king the wheelbase as 7-86 feet, and the rate as 27 degrees per second ; 
s then easily calculated 3 as = where » is in feet per second. This 


| as Correspondence on this Paper can be accepted until the Ist August 1940, 
d will be published in the Institution Journal for October 1940.—Suc. Inst. C.E. 


ist. Mun. & Oy. E,, vol. Ixv (1938-39), p. 1021 (March 28, 1939). 
% Warren and Hazeldine, loc. cit., p. 1025. 


"2 H. A. Warren and E. R. Hazeldine, “‘ Experimental Transition Curves.” Journal 


ef. we 


ever, is the very state of affairs which highway engineers attempt to remoy 


374 WARREN ON HIGHWAY TRANSITION-CURVES : 


unity, that in the short sharp transitions so produced other limitation: 
begin to be predominant. ae 49 

One really practical necessity for introducing transitions at all is ? 
physical impossibility of providing the full superelevation, required for tha 
circular arc, other than at a gradual rate. The spiral transition requi zi. 


Figs. 1. 
(a) 


. V7 : 
ZZ | 3 Z 


S = Straight. | 7+ Transition. 
A= Circular arc. TT= Double transition, 


a constant rate of increase of superelevation, but the rate has to be acquiree 
instantly on entering the transition. The longitudinal profile of the raisee 
edge of the road is as shown in Figs. 1 (a) and (b), and approximately th 
same occurs with lemniscate or cubic-parabola transitions. This, how 


by the use of vertical curves, and if transitions are going to be short anc 
sharp, and yet safe and comfortable for high speeds, the profile must be 
modified to something like that shown in Figs. 1 (c) and (d) ; the basis 0¢ 
design will then tend to be the limitation imposed by the vertical accelerat 
tions caused in this way. Accelerations, however, mean forces, and ara 
real in their effect, far more real to comfort and safety than any rate | 

gain of these quantities can be, which, so long as it is not absolutel¥ 
instantaneous, can vary within very wide limits. A new type of transition! 
curve has therefore been evolved with the purpose of providing profiled 


- A NEW BASIS FOR DESIGN. aD 


of the type shown in Figs. 1 (c) and (d), having as its basis of design a 
maximum vertical acceleration, but with the means of calculating C as a 
check limitation. 


: EQUATION TO THE AUTHOR'S CURVE. 
4 


_ Let 2, y denote the co-ordinates of any point. 
m2. 8 » length along the are. 
= , p » radius of curvature at (2, y). 
= ,, v » velocity. 
=. 8 » value of s at the join with the circular arc. 
9 L 9 ” z 9 ” ” 9 
- . o , angle of banking. 
a . ~ »,  deviation-angle at (2, y). 
_,, & bean arbitrary constant. 
_—— 2. 
Since tana = ee , the equation 


d (1 g 
ala) =a — 8) Se Se eee (1) 


will ensure that the rate of gain of banking, and hence the vertical velocity, 
will be zero when s =0 and s =S;; that is, on entering and leaving the 
‘transition. This means a finite and controlled value for the vertical 
‘acceleration, although, as will be noted later, it still has to be instantly 
acquired. This latter effect will be absorbed by tire-cushioning, springing, 
-etc., and to eliminate it by starting from a higher-order differential than 
the above, although feasible, would not be justified. 

_ Successively integrating (1), 


1 do s2 ks 
hed spina pag Baek ees 
dy 3. ket 
a ad ‘gf gee en 


' dy s3 ks 
q The exact solution of this differential equation, if possible, would be 
somplicated, but for the short sharp type of transition contemplated it is 
‘possible to write s = x without any appreciable loss of accuracy. Hence 


‘herefore 


E dy g k.a 
. Tra aa 12. 
nd integrating once more, 
tL ai Ok. x 
UA Taal) ter ape! 


mg ey eee gar ant) 
is ’ 7 


) sponding half or full width of the road, then H = wtana =m. rp 
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When « = 0, y = 0, and therefore cz; = 0. 

_k. a 
This is the equation to the new form of transition suggested by the Author 


Hence 


bered that only the portidat hebeoaal x =O and « = Lis to be used, but: 
that Z can be given any desired numerical value, large or small. 
properties of the curve will now be analysed, 


-PROPERTIES AND USE OF THE AUTHOR’S CURVE. 


The following should be read with reference to Fig. 2, which shows they 
form of the curve as far as x = L; that is, over its useful length: 
Rewriting equation (3) and its “four derivatives, 


re 5L — 2 
Y = 790! @); 
dy ka L __ kat == 
de -6 gee Betty ”), 
dy kel kas i 
Woy Ri adore tea 
; 
ee koL — ka? = = kx(L — 2), 
d4 
and a =kL — 2kx = k(L — 22), 
The conditions ieee will be used to determine k oa L respectively are : 
(a) p = R = radius of circular are, at « = L. 


() The ae acceleration must not exceed p feet per second per 
_ second, and/or the rate of gain of radial acceleration must not 
exceed C feet per second per second per second, 


1 
(a) Taking p = rE dey (°° later), then p = 
dx? 


6 6 
cagrscy Hence 'k = 5-3 a‘ 


6 4 
ka2(3L — 20) zy 7 anda ut a of 


Bis ae he $e, EAE nl 
(6) The vertical acceleration is WP , where H denotes the superelevatic 


in linear units above the centre-line (or lower channel, according to thi 
method employed in tilting the road surface), and if w denotes the corr 


where m is the figure adopted for the ratio of actual/theoretical supere 8 
tion. This figure is commonly taken as0-4,. to 


a 
2 A NEW BASIS FOR DESIGN. - 3717 


© hoai fH m. m . wv d mw. vt d 
~ Again = ———— 
@ ae dz” ~— og *dt®\p g ab 
aa yt 1 @ 
Takings = a2and - = a 
P p da? 
Pa eH m.w.vt dty m.w.vt 
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b 2 a Max. ordinate = i Join with circular arc. 
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2 
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: ‘This last will have maximum | values at 2=0 and «= JZ of => a 


peta’ RL, which must not exceed, say, p feet per vo per 
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L 6m .w 
‘a +P N Rigs p’ 


which gives the necessary minimum length of transition to comply wi 
the condition regarding vertical acceleration. The alternative limita ion 
regarding C may be expressed as 


d [v2 d (dy d3y : 
= —f{— J— v3 — | — = y3 ,— 
Ar ) a ( a). 8.73 approximately, 
se ate d3, 
and substituting for ae from above, leads to C = v3. ka(LZ — x). Thi 
L WkLe 7 


has a maximum value, when x = >? of WF which must not exceed C fees 


per second per second per second. 


snbeiinline ne meh ee 
ubstituting for TRL »orl < ana: 


or, preferably, both (5) and (6) may be evaluated and the larger va lu 
accepted (see numerical examples later). 
It will have been noticed that in the theory concerning the determina 
tion of L certain approximations were made. These are quite justified ® 
flat curves (say ¢ not greater than 20 degrees), as the numerical value of 
is determined from the quite arbitrary limiting values attached to p 
C respectively, and a little variation in these is permissible. Indeed, th 
nearest round number might reasonably be taken for LZ. Once LZ 
definitely fixed, a more exact calculation may be made for k if this i 
justified. This will be the case only if ¢ is greater than 10 deg 
below that value the approximations made are quite inappreciable. 
2)% 

Now p Seirus exactly, and substituting in this expression 
dx 


the values of the derivatives when « = L, 


kL4\272 
atc ee 
p=R= rary 3 Pee which reduces to 
x: 


k2I8\3 
6(1 + a) =i kIAR +: 
The curve contemplated will never go further than ¢ = 20 degrees, so tha | 


‘(4y\? | | 
(7!) has a maximum value of 0-132 and the bracket term may be ex 


3k 
panded as 6(1 15 a ar = kLR, 
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jolving as a quadratic in k, gives 


8 322 
k= 7 (R— (e—), Rr ca oa (8) 


rom which, if & be calculated, the ratio of curvature, p = R, of transition 
ind are will agree exactly where they join. 


Limit or AVAILABILITY. 


_ The curve is suitable for use up to 6 = 20 degrees, beyond which the 
ipproximation s =a is not valid. It should be noticed that a smooth 
oin of transition to arc would still result, even if ¢ were greater than 20 
legrees, so long as & be calculated from (7), but that the original require- 
nents regarding vertical accelerations would begin to be unfulfilled. In 
ny case, for all usual practical cases, ¢ is well within 20 degrees, and often 
t is less than 10 degrees, as the numerical examples to follow will show. 


Setrine-Ovurt. 


) By Offsets. 


bi kat 

_ The value of y = 2 199 OL — 2x) may be calculated, giving the offsets. 
- kD 

= final value of ¥pax.= 1° 

») By Deflexion-Angles. 

ie In this case, tan = t= a {bas 22). 


a. is no constant ratio between 0 and ¢ as in ake lemniscate, the ratio 
4 mee’, ® 3 

ag O/tan d being 10 at x = 0, varying to i0 at a= L. 

Shift 


me . 2 

_ The shift may be shown to be 7-—, OLR 
Beeataly for curves where ¢ ‘is less than 10 degrees. For other cases 
4 shift may be calculated directly from the numerical data of any 
a 5 


— R(1 — cos¢,) where 


approximately, but sufficiently 


L 
3 40 
. is the deviation-angle at the end of the transition. 


articular design, from the exact expression —— 


‘The deviation-angle ¢ at the join with the arc can be related to the 
lexion-angle by tan ¢/tan @ = 10/3, or it may be directly calculated as 


4 
a, ooo Alternatively, the point T may be fixed on the line of the 


——, and the sight-line TD gives the tangent direction. 


a 
¢ 


(if an angle of 2-61 degrees justifies that word—almost instantaneously 
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NumERIcAL EXAMPLES. - ‘ 
Example 1.—It is required to join a straight to a radius of 1,000 fee’ ti, 
with a transition-curve suitable for a speed of 60 miles per hour, gt 
that w = 30 feet, p is ia ye be greater than 8 feet per second ner] 
second, m = 0-4, and C > —— — 
From equation (5), 
= m . Ww 6 x 0-4 x 30 
sich N. dadey to = on, / SX Ok xe 
prerets: from equation (6), 
3. v3 3 X 888 x 100 
Died, Si eer setae 
2.R.C 2x 1,000 x 882 | 
Comparing the results from (5) and (6), it will be seen that the limitation 
due to vertical accelerations is the predominant one. 
If, on the other hand, the present so-called “ natural ” value of C 
be used, then 


— 382+/0-000281 = 129-7 feet 4 


= 13-2 feet. 


3X 883 
L +331,000 X1 = 1,024 feet. 
1,024 


88 
during the whole of which time the driver is, or should in theory be, turning 
his steering wheel at a uniform rate, although the total angle through whieh) 
that wheel is to turn is only 2-61 degrees, assuming a wheelbase of 7-6 feet a: 
a steering-gear ratio of 6-1. In actual fact, however, the wheel is turned 


The vehicle will take 


= 11-65 seconds to pass along this lengtht 


4 
' 


: 130 
curve will be sac 1-48 seconds, a much more likely figure. The aboy 


resulting in the short sharp transition here advocated. Taking L as 
feet, from the results of (5) and (6), the time spent in turning the transitic 


has been set out at length in order to demonstrate how very far from realiti 
is the C = 1 standard. 
Continuing with the example quoted, 


6 6 
k (approximately) == adh RS Fane oa 1,000 x 1308 = 275 x 10-8, : 
and tan, (approximately) = oR 2x 1,000 ~ 0-065 radian = 3 de 


grees 43 minutes 8 seconds, and this value being less than 10 degrees, ! 1 

figures obtained above for k and ¢ may be taken as exact without f 

calculation. The equation to the curve then becomes 
k 

Y = 390° x4 (5L — 2x) = 2:29 x 10-1124 (650 — 22), 

and may be set out by any of the methods outlined previously. ' Yh 
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ble below gives values of y for values of « between 0 and 130, and 
s figures were used for the plotting of Fig. 2 (p. 377). 


0 20 40 60 80 100 120 130 


0-000 0-002 0-033 0-157 0-460 1-030 1-947 2-540 


[? 130? 
40R 40 x 1,000 
The angle of banking at any section will be given by 
5 v2 0-402 d2y_—( 0-40? ke? 


‘The shift = = (4225 foot. 


: tang = 0-4 pg q a g g (OL — 22). 

nice 

0-4 x 882 

Lo = 5 % 275 X 10-22 (390 — 2a) = 44-4 x 10-922(390 — 22), 


d the superelevation H will be 
tan a —= 30 x 44:4 x 10-92? (390 — 2x) = 1-332 x 10-622 (390 — 22), 
Lis is tabulated below : 4 


om this the formation-levels may be set out. 


izample 2.—The same data apply, but the speed is to be 20 miles per 
- and the final radius is 120 feet. Using the same principles as 


Lv ip 2 ae — 29:32 J eae arenes = 41-6 feet, 
808 83 x 29-38 x 100 

L 3p O72 x 120 x 2932 

At lower speeds the C limitation, as given by reasonable rates of turning 


eering wheel, becomes the predominant one. 
[he length is thus fixed at, say, 50 feet. 


= 36-6 feet. 


q ; 6 6 i 
hen & (approximately) = RiL = 120 x 508 = 40) 108; 
= = eau = 0-208. 


pit d;, = (approximately) IR 2 x 120 


Hence ¢ = 1] degrees 45 minutes. 


Figures in the text have been prepared. 
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As 6 exceeds 10 degrees, if exact equality of radii at the join is required 
k should be recalculated from the more exact expression (8), as follows; 


: ee: al eee 
p(n [mF )=55(100 - 120? — 


8 
— 23 -1)= ° -8 
= Fos (120 103-1) = 43-3 x 10-8, 


KIA 43-3°x 10-8. B04 
and tan ¢ (exactly) = p= 12 = 0-225. 


Hence ¢ = 12 degrees 41 minutes. 


The equation to the curve will then be 
kat 43:3 x 10-824 
1904 a 
and the remainder of the working will follow as before. 


(250 — 2a) = 3-61 x 10-%r4 (250-22), 


CoNCLUSION. 


length arising from real accelerations, in contradistinction to rates of gail 
of these accelerations, of arbitrary value. 7 
The numerical examples were chosen to exemplify each end of thi 


well within the limit of 20 degrees. The radii will not be more acute. or 


2 


the given velocity than those here used, since, roughly, z= 8 feet per 


second per second for each example. In consequence, all practical hight 
way curves will come within the scope of the type of curve suggested. — | 

The form of transition suggested is that which would be traced conse 
quent upon turning the steering wheel, not at a constant rate, but at a rati 
which starts at zero, grows to a maximum, then decreases to zero agaitl 
At high speeds the angle that is, or even can be, turned by the steerini 
vw 
R 
as in example 1, that it would be dogmatic to say exactly how this move 
ment takes place, but it seems reasonable to suppose that the rate 1 
vary approximately as suggested. The real practical necessity, howevelt 
is to round off the profiles shown in Figs. J, and this type of curve exee¥ 
lently fulfils that need, and at the same time provides control of the vertiea 
accelerations. } 

The Author has not forgotten other forces on the car and occupants 
such as torque arising from angular accelerations due to banking, but the 
are negligible compared with the effects here investigated. a 


wheel without = exceeding 8 feet per second per second is so very s mall 


The Paper is accompanied by two sheets of diagrams, from whic | th 


- | 


2 
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COMMITTEE ON THE DETERIORATION OF STRUCTURES 
: IN SEA-WATER. 


ummary of Experiments carried out by the Committee on 
the Deterioration of Structures of Timber, Metal, and Con- 
crete Exposed to the Action of Sea-Water. 


Full details of these experiments are given in the various Reports issued. 
_ by the Committee, reference to which is made at the end of this 


Summary.) 
INTRODUCTION. 


N 1916 the Council of The Institution of Civil Engineers decided that it 
rould be of advantage to set up a Committee for the investigation of 
uestions involving the deterioration of structures of timber, metal, and 
oncrete, when exposed to the action of sea-water, and of effective measures 
9 ensure their preservation. Many failures of such structures due to 
ea-water action had occurred, and numerous isolated reports dealing with 
he subject had from time to time been published, but it did not appear that 
ny systematic collection of such reports, or any detailed examination . 
oe the causes of failure, was in existence. The Institution therefore 
termined that it would itself undertake this investigation, provided that 
he necessary funds were made available. A Committee was set up under 
be chairmanship of the late Sir William Matthews, Past-President 
nst. C.E., for the purpose of carrying out the investigations. This is 
iow known as the “‘ Sea-Action Committee.” Application for assistance 
vas made to the Department of Scientific and Industrial Research, which 
ad recently been formed under the secretaryship of Dr. Heath, now 
ir Frank Heath, G.B.E., K.C.B., resulting in grants in aid of the research 
mounting to over £10,000, which financed the work in its initial stages. 
The Committee is greatly indebted to this Department, not only for the 
nancial assistance, without which the work could not have been begun, 
yut for arranging for the publication, by HLM. Stationery Office, of two 
ull reports on the Committee's work and the complete series of interim 
eports. The above sum of £10,000 was subsequently increased to over 
25,000, by the generous support of a number of port and dock authorities 
hroughout the Empire to whom appeal had been made. The Committee 
matefully acknowledges this support, and also the further assistance _ 
idered by many of those authorities in arranging for the exposure to 
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the action of the sea of numerous test specimens of timber, steel, 
reinforced concrete. 
It was proposed that these investigations should, for the most part. 
carried out at ports within the Empire, and contact was made with 
managing authorities of some fifty-six ports and docks throughout 
British Dominions, the Colonies, and India, whose officers most ki 
furnished the Committee with a number of interesting and valuable rep 
dealing with the works under their control. These, together with var 
other relevant reports and memoranda, were brought together ang 
published in 1920 as the Committee’s First Report. . 
The Committee’s own investigations were then put in hand and carrie 
on under four main headings, namely: the preservation of timber; th 
corrosion of steel and iron; the preservation of steel and iron ; and th! 
deterioration of reinforced concrete. 
In order that these investigations might, so far as possible, be of rex 
value, it was necessary that they should be sufficiently comprehensive t4 
allow the materials under test to be subjected to such variations of climaty 
and exposure as might occur under ordinary conditions, and the localities 
selected for testing the samples were chosen accordingly. . 


Tue PRESERVATION OF TIMBER. 


Dealing first with the preservation of timber, a number of preliminam 
tests and experiments indicated that the arsenical compound chlotos 


efficacious against Teredo larve. It was found that the most satisfactory 
method of applying poison to the timber was to add it in definite propor 
tions to some vehicle, such as creosote, with which the timber was ther 
impregnated by the Bethell process or by some other recognized process. . 

Some difficulty was encountered in obtaining satisfactory absorpti 
of the creosote into the timber, it having frequently been found in ordina 
practice that the creosote had only penetrated to a depth of from } to 4 iz 
below the surface. Accordingly in some of the later experiments, prior 
creosoting, the timber was “ incised ’—that is to say, incisions, paral 
to the grain, about ? inch in depth and } inch apart, were made wit 
chisel in rows all around the timber at an approximate spacing of on¢ 
incision to 2 square inches of surface area. These rows were spaced dowr 
the timber at intervals of about 2} inches, the incisions in each row being 
staggered } inch relative to those in the adjoining rows in order to over 
come, as far as possible, the difficulty of obtaining satisfactory passage 0 
the creosote across the grain of the timber between incisions. 

Increasing the surface area to 3 square inches per incision did no 
materially affect the quantity of creosote absorbed, although with a furthe 
increase in area the absorption diminished rapidly. A comparison of th 
actual weight of the timber before and after creosoting was shown to be at 
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ncertain indication of the quantity of creosote absorbed, since this method 
iade no allowance for the moisture possibly lost from the timber when 
rying. 

- For the purpose of these experiments some 2,000 test blocks of various 
izes were prepared from Baltic, and other, firs and pines, and were im- 
regnated with the various poisons to be tested. The blocks were then 
ispatched to ports known to be infested by Teredo and marine pests, such 
s Colombo, Singapore, and others, where they were exposed to the action 
f the sea near the level of low water. Within the range of these experi- 
1ents, although creosote was found to be a good preservative, its efficiency 
fas not appreciably increased by the addition of “DM” or any other 
oison. Nor was any more satisfactory method discovered by which to 
pply the creosote containing the poison to the timber, than impregnation 
y the Bethell process in the manner described. Merely painting the sur- 
ace of the timber was found to be quite ineffective. The experiments did 
ot indicate that the strength of the timber, when creosoted by the ordinary 
sethell process, was reduced in any degree. 

_ It may be of interest to mention that some of the experiments appeared 
D indicate that very small additions (say, 0-1 per cent.) of “ DM ” to the 
reosote actually attracted marine borers to the timber. 


THE CoRROSION OF STEEL AND JRON, 


_ The experiments briefly described in this section were planned with 
he object of studying some of the many questions arising in. connexion 
rith the corrosion of commercial wrought irons, cast irons, and steels 
nder ordinary working conditions ; the experiments also included tests on 
few special alloy steels which it was hoped might show an enhanced 
istance of corrosion. 
The metals selected were of four types; these were prepared in the 
rm of test bars measuring 24 inches by 3 inches by 0-5 inch, sixteen such 
ars constituting a set. All the specimens, except those of cast iron, were 
repared as rolled bars and were exposed generally without further heat- 
reatment. The chromium steels were softened by moderate heating, 
ut only sufficiently to render them amenable to cutting and drilling. The 
ast irons were exposed in their casting skin. The rolled irons and two 
f the carbon steels were ground free from scale prior to exposure. 
A complete list of the specimens is shown in Table I (p. 386). 
The effect of variations in climatic conditions was provided by the 
sction of the following four stations for exposing the test specimens : 
uckland, New Zealand, which has a sub-tropical and particularly equable 
imate ; Colombo, Ceylon, which has an extremely moist tropical climate ; 
lifax, Nova Scotia, which has a large temperature range of from —10° F. 
» +90° F., and finally Plymouth, Great Britain, which has mean winter _ 
d summer temperatures of 42° and 59° F. 7 


exposure was carefully weighed on a special balance, which, with: its é 
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Tapie I.—List or Merat Bars with DisTINncuisHING LETTERS AND — 
CONDITION IN WHICH EXPOSED. 


Bar. Condition. 
Irons. ‘ 

stad Low Moor iron. Cleaned from scale, 

1 Swedish charcoal iron. ” ” » = 

M Ingot i iron. ” ” »s i 
Ordinary Steels. 

B Mild steel, high sulphur and phosphorus. Scale attached. 

F Mild steel, 0-7 per cent. manganese. 3 RS ‘ 

C Same steel. Cleaned from scale 

E Mild steel, low sulphur and phosphorus. Scale attached. 

A Same steel. Cleaned from scale. 

D Carbon steel, 0-4 per cent. carbon. Scale attached. 
Special Steels. 

G Mild steel, 0-635 per cent. copper. Scale attached. 

H Mild steel, 2-185 per cent. copper. _ 5 

J Chromium steel, 13-57 per cent. chromium, 59 ¥ 

K Nickel steel, 3-75 per cent. nickel. eS bf 

L Nickel steel, 36-55 per cent. nickel. s as 
Cast Irons. 

Q Hot-blast cast iron. As cast. 

R Cold-blast cast iron. ee 


The bars were exposed under three different conditions, namely, aerial! 
(above the level of high water), half-tide (between the levels of high andi 
low water) and complete immersion (below the level of low water), and for1 
three periods, namely, 5, 10, and 15 years. At Plymouth the bars were 
exposed in fresh water in addition to being exposed in sea-water. 

In order that a proper comparison of the effect of corrosion upon t 
different metals might be made, each test bar before being dispatched for 


accompanying weights, was used throughout the research. After exposure. 
all rust, loose scale, and other adherent material were removed and aga 
the bar was weighed. The loss in weight thus determined was taken as the 
chief measure of the corrosion experienced. 

As iron and steel seldom corrode uniformly over their entire surface,: 
account was also taken of the depths to which localized corrosion or pitting 
had occurred. When a bar was perforated it was regarded as corroded to 
destruction. . 

It is difficult, in a brief résumé, to deal adequately with the large ma 
of useful data acquired during the course of the research. 

In order to simplify matters the following four steels have been 
eliminated from the discussion because it is probable that in general 
practice there would be no demand for them : 


mild steel B, because of its general unreliability (due to its ni h 
content of sulphur and phosphorus) ; { 
steel H, as having no general advantage over steel G, and be te 
probably more costly because of its greater copper-content ; _ 


Rune Aes 0 nt 
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steel J, because of its probable high cost coupled with its general 
unreliability resulting from its tendency to undergo excessive 
pitting in contact with sea-water or spray ; 

steel L, because of its probable high cost due to its high nickel- 
content (although otherwise it was remarkably satisfactory). 


‘urthermore, the cast irons Q and R, which offered very high resistance 
0 atmospheric corrosion, suffered from severe graphitization in contact 
vith water, whether fresh or saline. In any discussion, therefore, dealing 
vith this latter type of corrosion, the cast irons need not be considered. 

_ The data may now be discussed from the point of view of the types of 
orrosion to whieh the metals may be exposed in practice. 


reneral Corrosion of All Types. 


__ As it is improbable that any particular metal could, in actual practice, 
e exclusively used in any particular position, it was thought that by adding 
he losses together a general result giving approximately the relative 
esistance to corrosion for each metal could be obtained. 

In Table II (facing p. 388) are given the sum totals of all the losses in 
veight for each type of bar exposed for 5, 10, and 15 years to sea-air, to 
Iternate wet and dry conditions at half-tide level, and to complete im- 
EEesion in sea-water, at each of the four ports. All losses are expressed in 
yrams and are calculated for a bar-area of 1,000 square centimetres. 

A loss of 1 gram per 1,000 square centimetres is equivalent to 1 grain 
er 10 square inches, and represents a film of metal gg-o0 inch in thickness. 
The figures given in brackets below the station names at the head of the 
>. represent the relative total losses at each station, the losses at 
-lymouth being taken as 100. It will be seen that, very approximately, 
he losses at Colombo, Auckland, and Halifax were double, one-half, and 
hree-quarters of.those at Plymouth respectively. 

The alloy steels G and K and the Low Moor iron gave good results, but 
ypart from these there was little to choose between the metals in so far as 
oss in weight was concerned. The cleaned steels lost very little more in. 
ve ight than those exposed with scale, but the latter were more irregularly 
orroded and more deeply pitted. 


A study of the numerous detailed Tables already published in the 
Interim Reports of the Committee shows that individual metals may offer 
. widely varying resistance towards different types of corroding agents. 
[hus, for example, Low Moor iron N suffered appreciably more corrosion 
sea-air conditions than the cleaned mild steels A and C. When 
01 tinuously immersed in sea-water, however, the latter metals were the 
ore seriously corroded. On taking the average, as in Table II, most of 
these differences in behaviour cancel out and are lost in the general sum-_ 


ye 


equal resistance to corrosion, The cleaned steels lost more in weight, bub 
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If, therefore, it is possible to specify with some precision the parti 
type of corrosion to be encountered, the likelihood of being able to select 
a suitable metal is greatly increased. In Tables III to VI are given t. > 
results obtained by exposing the bars to sea-air, to alternate wet and dry 
conditions at half-tide level, to complete immersion in sea water, and to» 
complete immersion in fresh water (at Plymouth) respectively. In Table » 
VII is given the percentage average loss in weight and the average loss im t 
thickness of the exposed portions of each bar under the three conditions § 
of exposure, for 15 years only. : 
Corrosion in Sea-Air (Table III). 

In these experiments the cleaned mild steels proved superior to the 
cleaned rolled irons. The cleaned steels lost less in weight and were less J 
deeply pitted than those exposed with scale still adhering. The addition | 
of small quantities of copper or of nickel greatly increased the resistance of § 
the metal. The cast irons resisted corrosion extremely well, the cold: - 
blast metal proving superior to the hot-blast material. There was no 
graphitization. The chromium steel also resisted corrosion remarkably 
well. 


ee ed 


vs 


Corrosion at Half-Tide Level (Table IV). : 


The cleaned Low Moor iron proved superior to the cleaned mild steels, 
These latter lost more in weight but were less deeply pitted than those 
exposed with adherent scale. The addition of small quantities of copper 
or of nickel proved beneficial. The cast irons underwent severe graphitiza> 
tion. The chromium steel suffered severe localized corrosion. 


Corrosion under Complete Immersion in Sea-Water (Table V). 


In contrast to their behaviour in sea-air, the cleaned rolled irons wer : 
superior to the cleaned mild steels. The latter lost only slightly mor , 
than those exposed with scale, and were less deeply pitted. Small 
quantities of copper or nickel added to the steels proved beneficial. Th 


cast irons underwent severe graphitization, and the chromium steels suffere 
serious localized corrosion. 


Corrosion under Complete Immersion in Fresh Water at Plymouth (Table VI) ; 


The cleaned Low Moor iron and the cleaned steels offered practicall} 


were less deeply pitted than those exposed with scale. The addition of 
both copper and nickel in small quantities proved beneficial. The 
chromium steel offered excellent resistance to corrosion, but the cast irons 
were less satisfactory owing to graphitization. | 
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_ Tus Protection or Stee, anD Iron By Muans or Paints AND 
OTHER PRESERVATIVES. 


For the purpose of these experiments, test plates 2 feet by 6 inches by 
about 35 inch in thickness were first cleaned of all mill scale, loose material, 
and rust, and were then coated with the various preservatives to be tested. 
Complete sets of these prepared plates were sent to Southampton and to 
Weston-super-Mare, where they were exposed for periods ranging from 
1 to 7 years under aerial, half-tide, and complete-immersion conditions, 
after which they were removed and returned for examination and report. 
Plates treated with two coats of iron oxide, having raw linseed oil as the 
vehicle, were adopted as a standard for comparison. 

_ The general results of these investigations and experiments may be 

shortly summarized as follows : 

- The thorough removal of all loose scale and rust before painting was 

shown to be distinctly advantageous. 

Increasing the number of coats of paint was of advantage under aerial 
nd complete-immersion conditions, but this was not the case in the half- 

hide tests. 

In general, red-lead paints, and mixtures of red and white lead, proved 
Rperior under aerial and half-tide conditions. Under complete-immersion 
eonditions an iron-oxide paint, and also a red-chromate paint—the latter 
followed by a mixed red- and white-lead paint—gave good results. The 
paints were applied both by brush and by spray. By either process it was 
easy to give an even and uniform coating, but with the spray it was difficult 
(0 apply any given weight of paint. 

Galvanized plates coated with about 20 ounces of zinc per square yard 
roved very satisfactory. At Southampton the completely-immersed 
alvanized plates were the only ones which did not become coated with 
marine fauna. 
The bituminous mixtures compared favourably with “ Standard ” 4 
aint under half-tide and complete-immersion conditions, although they 
ere not so satisfactory under aerial conditions. The tars compared 
avourably with the paints under all conditions. It also appeared that 
orizontal-retort tar was superior to vertical-retort tar, and that this 
es was further improved by the addition of slaked lime in the 
ITC portion of about 4 ounces of lime per gallon. It was also found that if 
he tarred surface were given three coats of shellac varnish and were then 
painted, the paint would retain its colour. The shellac varnish was made 


1 “ Standard ’’ paint contained :— 
Tron, calculated as ferric oxide, Fe,0;. . « + - 96:41 per cent. 
Moisture Ree par ad infin Tovteeniec-a) ail 40 
Insoluble residue . . . = . Sie SLE naar per LD) Pe: >= 
ll quantities of calcium sulphate and silica, and traces of chloride, were also” 


nt. 
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by dissolving 3 lb. of shellac in 5 lb. of warm methylated spirit. The pr 
duct was strained through muslin and applied to the tarred surface, 
coats, at intervals of approximately 12 hours each. 


Tue DETERIORATION OF REINFORCED CONCRETE. 


These investigations were put in hand owing to the many failun 
which had occurred in connexion with structures of reinforced concrete 
when exposed to the action of sea-water. The Committee therefore decid "a 
to examine the questions involved, giving particular attention to previol ih 
suggestions that such failures might be reduced by the adoption of eithe: 
(a) a concrete rich in cement ; (b) a thick cover of concrete over the steel? 
reinforcement ; (c) a concrete of somewhat dry consistency ; or (d) 
addition of natural or artificial pozzolanas. Sets of small reinforcec 
concrete piles or posts were therefore prepared and exposed to sea-water. 
These piles were 5 feet in length by 5 inches square, and were made off 
concrete having an aggregate of clean sharp graded sand and river shingle, 
with which different cements were mixed in various proportions. The 
concrete mixes used were : ; 


(i) A rich mixture having 1 part of cement to 2-6 parts of aggregate. 
(ii) A medium mixture ,, 1 5:0 


39 99 > 
(iii) A lean mixture ell 3 a a 


Four kinds of cement were used : 


(a) Normal Portland cement. 

(b) Rapid-hardening Portland cement. 
(c) High-alumina cement. 

(d) Portland blast-furnace cement. 


Other mixtures were tested in which a proportion of the cement wasi 
replaced by pozzolanic material. 
The reinforcing rods were arranged in the piles so as to provide,» 
alternatively, concrete covers of 2 inches and 1 inch. :o 
These specimens were exposed as follows: at Sheerness, to ordinal y) 
tidal action ; at the Building Research Station, Watford, to artificial sea- 
_ Water, some specimens being also kept in the air; and at Sekondi, Gol 
Coast, to ordinary sea-action. . 
The general results of the experiments may be shortly summarized asi 
follows: a cover over the steel reinforcement consisting of the mediums 
concrete (having 1 part of cement to 5 parts of aggregate) 2 inches ini 
thickness has, in general, given good protection, but, with both the normall 
and rapid-hardening Portland cements used, signs of cracking with thisi 
mix and cover have appeared after 9 years. 
Until the tests have been continued over a longer period of years it isi 
premature to draw conclusions as to the relative value of the differen 
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ements used, but it may be mentioned that the high-alumina cement has 
hown excellent behaviour in the 1:5 mix. 

_ At Sheerness, where they were exposed to ordinary sea-water, more 
iles developed cracks than at Watford, where they were exposed to 
rtificial sea-water of three times normal salinity. This, however, might 
n part be due to the more severe climatic conditions at Sheerness as 
ompared with those at Watford. 

Cracks almost invariably became visible after the appearance of rust- 
pots on the surface of the concrete, indicating permeability of the concrete. 


In conclusion, the Committee would record its indebtedness to the 
ollowing for their valuable assistance in planning and carrying out the 
nvestigations outlined above : 

The late Professor George Barger, M.A., D.Sc., F.R.S., Universities of 
idinburgh and Glasgow, and the late Professor 8. M. Dixon, O.B.E., 
M.A., B.A.I., M. Inst. C.E., City and Guilds College, South Kensington, in 
sonnexion with the work on timber. 

Mr. J. Newton Friend, D.Sc., Ph.D., F.1.C., Central Technical College, 
Birmingham, and Sir Robert A. Hadfield, Bart., D.Sc., D.Met., F-R.S., 
Hon. M. Inst. C.E., Hecla Steel Works, Sheffield, in connexion with the 
york on steels and irons and their protection by paints and other 
oreservatives. é 
Mr. R. E. Stradling, C.B., M.C., Ph.D., D.Sc., M. Inst. C.E., Department 
of Scientific and Industrial Research, Building Research Station, in 
sonnexion with the experiments on plain and reinforced concrete. 


ae 


i The Highteenth Report of the Committee is about to go to press, and 
sopies of the seventeen previous Reports, with the exception of the First, 
Second, Third, Fifth, Sixth, Seventh, and Kighth, are still obtainable. 
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THE INSTITUTION RESEARCH COMMITTEE, 
Committee on the Soil-Corrosion of Metals and Cement Products. 


Report from the Sub-Committee on Environment. 
INTRODUCTION. 


Tue Sub-Committee on Environment was set up in accordance with | 
a resolution of the Committee dated the Ist October, 1937. As the result © 
of replies to questionnaires circulated to engineers in various districts, the | 
Sub-Committee has been able to gather a considerable amount of da 
These, and information from various other sources, have been correlated 
with geological formations and soils which appear to be classifiable as — 
corrosive or non-corrosive. By courtesy of the Geological Survey, the 
Sub-Committee has been supplied with information on the distribution 0} 
soils and subsoils that may be suspected of being corrosive to metals 
Mr. G. H. Dines has prepared a map (Fig. 1, facing p. 398) showing thé 
distribution of such formations, together with notes on the subject, and 
Dr. E. M. Crowther has added some observations. These are printed 
; below. a 


DisTRIBUTION OF GEOLOGICAL Formations SUSPECTED OF CAUSING 
Corrosion OF METALS AND CeMENT PRopucTS. 


Explanation of the Map. 


The distribution of the various clays and sands which are regardec | 

___ as being likely to affect buried pipes, etc., are shown in Fig. 1 (facing 
_—p. 398). 
In the southern part of England and in parts of Derbyshire and York 
shire these beds outcrop at the surface, and so form the subsoil, over ec 
_ siderable areas. In these parts the formations are shown hatched (bu 

_ not stippled) in Fig. 1. x 

4 A great part of the country, however, is covered with superficia 
__ deposits (or drifts) which, so far as is known at present, are inert. Thes 
_ deposits occur as sporadic patches, sometimes small and sometim S 
/ great extent, but in the intervening spaces the supposedly corrosiv 
beds may come to the surface. The parts of the country in whic 
_ “corrosive” beds are largely covered by superficial deposits are s 


stippled over the hatchings corresponding to the underlying “ corrosive 
formations. . 7 
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scription of the Formations. : 


(1) Sulphate- and Sulphide-Bearing Subsoils—The main natural sources 
sulphates in England appear to be the Tertiary and Mesozoic clays, 
ief amongst which are London Clay, Gault, Weald Clay, Kimmeridge 
ay, Oxford Clay, Lias, and Keuper Marl. All these formations carry 
irying amounts of gypsum (or selenite, CaSO,4. 2H,O) and pyrite (FeS,). 
hey are impervious, and are important in that they cover wide areas of 
untry. 

In addition to these, the Coal Measures must also be considered. They 
sist of alternating layers of sandstone and shale. The shales weather 
ywn, near the surface, to clay-like consistency, thus forming impervious 
ibsoils. They carry, locally, considerable quantities of pyrite and also of 
ypsum. Owing to their interbedding with sandstones they do not form 
ide areas of outcrop, as do the clay formations mentioned above. The 
yndstones associated with them may yield soft, and occasionally saline, 
ater (see below). 

(2) Saline Subsoils—Around the coast there are many large stretches 
‘alluvial mud with loam and peat layers (for example, the Fens). In 
roximity to the sea, saline conditions of subsoil are likely to arise owing 
the influx of sea water. 

The Triassic rocks of the Midlands are associated with deposits of rock- 
lt as well as gypsum, and wells in these beds frequently penetrate 
line water. In some localities saline conditions may reach the subsoil. 
hese conditions are, however, not general, since potable water is obtained 
om these beds in many localities. Coal Measure sandstones sometimes 
ield saline water. 

(3) Soft-Water Formations.—Some of the sandstone formations yield 
xceptionally soft water, often with a hardness of under 3 parts per 
00,000. 

Tt is well known that these waters give rise to internal trouble when 
assing through lead pipes. The sandstones usually form areas of well- 
rained subsoil, so that buried pipes may be “high and dry,” but under 
ertain conditions they may be laid below ground-water-level. It is 
onceivable that, in such cases, corrosion of some metals may result. 

e The chief formations that come under this head are Millstone Grit, 
he Lower Greensand (excluding the Kentish Rag or Hythe beds), and the 
andstones of the Coal Measures (see above). 
(4) Complex Areas.—In certain districts the formations consist of 
Iternating beds of sand and clay. The clays may contain sulphates, — 
nd the sand may be soft-water yielding, but owing to their interbedding 
r to structural causes, their outerops are of small extent or ‘ patchy.” 
*he chief areas under this head are the Bagshot beds of the London basin, 
he Hastings Beds of the Weald, and the Tertiary Beds of the Hampshire — 
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(5) Other Possible Corrosive Deposits.—The formations shown on thé 
map are considered to be the most likely to give trouble from corrosiom 
There are, however, other possibilities. The Lower Paleozoic slates ana 
shales of Devon and Cornwall, of Wales, and of the Lake District, are, inj 
places, pyritiferous. The Old Red Sandstone areas of Herefordshire 
Brecknockshire, and Monmouthshire, consisting of sandstones and marist 
may repeat the saline and sulphate conditions of the Trias, but little recent 
work has been done in this area. 


The Stanton Iron Works Investigations. 


As a test of the application of the map, it is interesting to consides 
the sites of the samples examined by the Stanton Ironworks. These ara 
set out in Table I. It would appear advisable that each site should b 
investigated on the ground in order to ascertain whether the pipes wera 
actually laid in the material of the formation given, and that corrosion 
was not due to outside causes. The presence of gypsum crystals in mos 
cases, however, leaves little doubt on this point. 


TaBLeE I, 
Locality. Formation. Letter on Map. 

(2) - Taunton’: 0. Son mien Keuper Marl A 

(2) Shaftesbury . . . | ? Gault or Kimmeridge Clay A 
- (3) Great Yarmouth . . | ? Alluvial deposit G 

(2), Biddulph) ij sje es Made ground — 

(5) Harlescott, near Made ground — 

Shrewsbury . 

(6) Frimley and Farn- London Clay A 

borough. 

(7) Windsor apres London Clay A 

(8) sors aes and Hey- | ? Alluvial deposit G 

sham. 

(9) Southend-on-Sea .  . London Clay A 
(12) Maldon ee a: are London Clay A 
(13) Retford . . . . | ? Keuper Marl A 
(14) Skegness . ay Alluvial deposit G 
(15) Newcastle. . . . Made ground _ 
tiny Haved *. 9 London Clay A 


Nitrates. 


\ It appears that nitrates that have affected buried metals are not 
indigenous to the subsoil, but are of organic origin, and therefore belong t¢ 
the soil proper. If this is so, it is clearly not possible to suggest ar 
particular districts in which nitrate corrosion is likely to be more prevalent 
than elsewhere. Being formed by decomposition of humus, it is possible 
that nitrate corrosion may be more active in soils that have a high humuss 
content, and:in agricultural districts nitrates may be derived from botl: 
artificial and natural manures. i 


a 
== ENGINEERING RESEARCH. 395 


‘2 


2 
iable to keep the salts near the surface, whilst freely drained or sandy 
subsoils may allow them to be leached out by surface waters. 

_ [Note.—Dr. EK. M. Crowther, referring to acid soils that occurred chiefly 
in those areas marked E and F on the map, and occasionally in those 
lettered B and C, and referring both to acid soils on solid and on drift 
formations, made the following observation : 


So far as subsoils are concerned, those of an impervious nature are 


~ In the acid soils over many light sands, especially under heath 
and mountain moorland, there is a marked translation of iron from an 
- upper layer, which becomes bleached, to a lower layer, in which the 
_ iron is deposited either as a strain or asa hardpan. The depths of the 
- horizons vary, and it is conceivable that corrosion may occur where 
- pipes pass from one layer to another along their lengths. ] 


CorRosivE AND Non-CorrosivE ForMATIONS. 


It is clear that certain types of subsoil support corrosive action more 
than others. These have naturally attracted attention, while those 
in which corrosion is rare, slow, or absent, have not. At this early stage 
n the investigation of corrosion problems it is, therefore, a less difficult 
sk to select the more corrosive formations than to point definitely to 
the non-corrosive ones. Moreover, with the paucity of records and absence 
research, it is not logical to assume that, after eliminating beds known 
fo be corrosive, those remaining are non-corrosive. 
_ Therefore, the formations classed below as non-corrosive must be 
garded simply as beds of which corrosion is not an obvious feature. 


ditions Causing Corrosion. 

The outstanding conditions that produce corrosion in soils and subsoils 

appear to be :— 

' (a) Bad drainage, due either to the impervious nature of the subsoil, 

4 or to the water-table being near the surface. 

(6) The presence of sulphates or sulphides. 

(ce) The presence of chlorides, either indigenous to the subsoil or due 

to the influx of sea-water. , 

_-  (d) The presence of soft water ; this is due to the absence of soluble 
4 matter in the rock concerned, and in well-drained positions 

F the rock itself may be inert. 

- (e) The presence of nitrates ; so far as is known, these occur only 

in the soil proper, due to organic action. 


“It seems reasonable to suppose that the absence of all these conditions a 
a ay result in a formation being non-corrosive. a a9 
“Solid ” geological formations may, for the present purpose, be con- 


pees 
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veniently considered as forming three broad groups ; namely, argillaceo , 
arenaceous, and calcareous formations. S| 

Argillaceous formations almost invariably support conditions (a) anc 
(b) above, and these conditions are practically confined to argillace 
formations 1. Condition (c) is not common, but is known in both arenacec 
and calcareous beds 2. Condition (d) is extremely rare, and will be foun 
only in arenaceous beds. 

It appears, then, that arenaceous and calcareous formations are no’ 
likely to be affected by condition (6), and only to a restricted degree By 
conditions (a), (c), and (d). Broadly speaking, therefore, slates, shales 
clays, and marls may be regarded as corrosive formations, and san ds} 
sandstones, and limestones as non-corrosive formations. Table II gi 


the most important geological formations in the two classes. 


Taste II. 


CorrostvE Formations 8. 


Peats associated with alluvium. Oxford Clay. 
Alluvial muds. Lias. 
London Clay. Rhetic. 7 
Gault. Keuper Marl. 7 
Weald Clay. Carboniferous shales and clays. 
Wadhurst Clay. Older Palzozoic slaty rocks, clays, and rf 
Kimmeridge Clay. marls, J 
Non-Corrosive Formations. 
River gravels and sands. Jurassic limestones (Oolites) and — 
Bagshot Beds. sands (Portland beds and sandy — 
Woolwich and Reading Beds. facies of the limestones). 
Chalk. Bunter and Keuper Sandstones and 
Upper Greensand. conglomerates, | 
Tunbridge Wells Sand. Magnesian Limestone, Pf 
Lower Greensand. Carboniferous Limestone and sand- 
Ashdown Sand. stones such as Millstone Grit and 


Pennant. 
Old Red Sandstone and conglomerates. 
Older Paleozoic grits, sandstones, 
and limestones. 


“ Drift’ Geological Formations. | 

_“ Drift” geological formations require consideration. Although they, 
cover extensive areas of country, little appears to be known, at present 
as to their corrosive nature; generally they seem to be inert. It is con4 
ceivable that in general they may not be corrosive (for example, well! 


* Gypsiim is known to occur in some sandstone, but it is rare in Great Brit 
and, in any case, is soluble and leaches out to considerable depths below the surfaces 
* Sea-water, however, may affect pervious beds near the coast, whilst sites situ aut ve 
above sea-level, even in impervious beds, may be affected by sea-spray. 
* These formations are all covered by the section entitled “ Distribution of Geolo 
Formations Suspected of Causing Corrosion of Metals and Concrete Products” (p. 
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drained quartzose sand and gravel), but that in places they may be corrosive 
(for example, boulder-clay with a matrix of sulphate-bearing clay). 

_ It is interesting to compare the above lists with the scheme devised 
by the Soil Correlation Committee of the Soil Surveyors’ Conference 
(Great Britain) for classifying the soils of Great Britain. This is based on 
the parent material of the soil (namely, the subsoil or geological formation 
upon which the soil-forming processes act to produce the soil). In 1936 
that Committee issued a list of Parent Material Groups, by which the soil 
series established can be correlated. It is summarized in Table III; 
the order of the parent-material groups is as originally published. 


Tasue III. 


f Soil Correlation Committee’s list of Suggested application for the purpose 
parent material groups. corrosion investigation. 


1. Acid igneous rock 

-2. Basic igneous rock : 

8. Ultrabasic igneous rock . 

A, Basic tuffaceous shale 

5. Schist and gneiss . 

6. Slate and hard shale . aes 
7. Clay and clay shale, calcareous . 
8. Clay and clay shale, non-calcareous . 
9. Red clay, calcareous . 

(0. Red clay, non-calcareous 

ll. Silt clay 

12. Sand, calcareous 

13. Sand, non-calcareous . 

. Sandstone, calcareous 

15. Sandstone, non-calcareous 

16. Sandstone, feldspathic 

17, Glauconite sand 

18. Hard limestone 

19. Soft limestone . 

. Chalk 


. Brickearth . 7 ‘ 
Corrosive ifin contact with sea-water, as in 
So estuaries, fens, etc. E 
: Extensive in area, but probably variable 
. Complex drifts . . . + + - as regards corrosiveness. 


These do not at present appear to con- 
cern the Soil-Corrosion Committee. 


These include the impervious sulphate- 
bearing subsoils that are likely to be 
corrosive. Conditions at usual depths 
of buried pipes are often anaerobic. 


ee 


These include free-drained siliceous rocks 
and limestones that, except under cer- 
tain conditions, are not likely to be cor- 
rosive. Conditions at usual depths of 
buried pipes are generally aerobic. 


SS ee 


There is, unfortunately, no map showing the distribution of the parent- 
aterial groups, and in order to ascertain their extent it is necessary to 
anslate the above groups into geological formations, as in the two pre- 


‘In the above remarks only geological formations or subsoils are con-- 
red. In the soil proper (namely, the surface layers often spoken of 
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as ‘top soil” by the engineer or geologist), the conditions 
corrosion differ from those in the subsoil. Bs 

‘Top-soil corrosion is, in some cases, concerned with the forn 
nitrates (condition (e), p. 395). These are not indigenous to the su 
but are of organic origin, and may occur in the top soil found on 
geological formation, especially where the soil has a high humus-conte 

Humic acids, although perhaps themselves not harmful to metals, 1 
by action on mineral salts (or manures) in the soil, produce acids tha’ 
corrosive. In these cases the only part played by the subsoil is phy 
in that impervious clayey subsoils tend to keep the solutions near the sur 
face, whilst freely-drained or sandy subsoils may allow them to be leached 


out 


ne 


It would appear advisable that the question of corrosion of metals 
buried at shallow depths (say 24 feet or less) should be considered as a! 
problem distinct from that of more deeply buried metals. = | 
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“ - ABSTRACTS OF THE CURRENT TECHNICAL 
LITERATURE OF ENGINEERING AND 
APPLIED SCIENCE. 


ENGINEERING CONSTRUCTION. 


_ Surveying Dam Sites by Seismograph. A. E. Woop (*Engng. 
News-Rec., 124, 438-441 ; 28 Mar. 1940).—The use of the seismograph for. 
the exploration of foundation areas is being actively developed by the 
United States Engineer Corps in the extensive programme of dam construc- 
tion for flood-control which is now in progress. The Author describes the 
echnique of a dam-foundation survey and reproduces a graph of a seismic 
line, showing the manner in which the records obtained are plotted as a 
bime—distance curve. He discusses the advantages and the limitations of 
he method, and observes that seismographic explorations may eventually 
replace a large part of the drilling now required in foundation investigations. 


Jacking a 72-inch Culvert Pipe under an Outfall Sewer. RaLrH 
PHERD (*J. Amer. Waterw. Ass., 32, 414-422 ; Mar. 1940).—The Author 
ribes in detail the procedure adopted for passing a 72-inch 10-gauge 
vert pipe under a sewer of concrete masonry without reinforcement, in 
arsh-land containing running sand. The pipe was forced through in two. 
hs, each made up of six 2-foot sections riveted together, by means of 
wo 50-ton mechanical screw-ratchet jacks having a travel of 12 inches. 
or every 12-inch travel of the jacks the culvert pipe was advanced 9 inches, 
pproximately 3 inches of the travel was lost owing to the compression 
of the blocking and to deflexion in the jack supports. The-pipe was jacked 
the rate of 0-4 foot per hour, including jack changes, lowering and placing 
the pipe, and riveting the two lengths together. When the pipe was in 
e, a 36-inch water-main was installed inside it, using two 12-foot bell 
spigot lengths with a sleeve in the centre. _ The construction of a tunnel 
d have cost approximately one-third more than the cost of the jacking, 
st the liability of the sewer to cave in and fracture was avoided by the 


operations described. — . 


4 Norss.—An asterisk prefixed to a reference, thus * Engng. News-Rec., denotes that, 


the article is illustrated. 
The abbreviated titles of periodicals are those used in the “World List of 


ific Periodicals” (Oxford, 1934). 


fae pie F 
4 a - ad 


400 ENGINEERING ABSTRACTS. 


Compaction of Soils by Explosives. A. K. B. Lyman (*Civ. Engny 
N.Y., 10, 205-207; Apr. 1940)—For the treatment of deposits of f 
loose sand of moderate or considerable depths, the Author has developed at 
method of soil-compaction which effectively compacts fine and medium 1 
sands, including those with an appreciable silt-content. The method | 
utilizes the shock and vibratory waves emanating from calculated charges of 
explosives, which are buried within the natural or artificially-saturated soil | 
mass and are then detonated. He describes the application of this method 
on the site of the Franklin Falls dam in New Hampshire, where the upper 
10-30 feet of the foundation-area consisted of loose alluvial sands deposited 
in very heterogeneous fashion varying both laterally and vertically. T. 
results of tests are plotted in curves. A large portion of the foundatio 
area, consisting of two overbank flood plains, each approximately 400 feet 
by 850 feet, was treated, and the Author observes that the results were even 1 
more effective than those indicated by the tests, because of the interacting | 
effect of blasting simultaneously over a much larger area. } 


Gelatine Models for Photo-elastic Analysis of Stress in Earth Masses. 
F. B. Farqunarson and R. G. Hennes (*Civ. Engng., 10, 211-214 ; Apr. . 
1940).—The Authors emphasize the value of the photo-elastic method in t he 
study of problems of stress in earth masses, and present the results of exten -* 
sive work with gelatine models over several months at the University of| 
Washington. They describe the apparatus developed, and discuss in detail 
the design of the models, the relative merits of horizontal and vertical cool 
of the sheet of gelatine, and the importance of proper preparation of the> 
gelatine. They also indicate the necessity for calibration tests to enable: 
the results to be interpreted, and reproduce a typical shear-distribution) 
pattern obtained in soil studies for the approach-tunnel of the Lake Washing- 
ton pontoon-bridge, Seattle!. . 


Foundation Experiences, Tennessee Valley Authority. (*Proc. Amer. . 
Soc. Civ. Engrs., 66, 385-499 ; Mar. 1940.)—In the first of a series of five 
Papers, Mr. J. 8. Lewis (pp. 385-419) describes the foundation treatment at 
the Norris dam, and the operations for making the rim of the reservo 
watertight. The equipment used is described in detail, and cost and prc 
gress records are given. In the second Paper (pp. 420-430) Mr. R. M. Ros 
presents a summary of the geological studies upon which the final design © 
the dam near Guntersville, Alabama, was based ; whilst in the third Pape 
(pp. 431-462) Mr. Verne Gongever describes in detail the engineering an 
constructional problems arising out of the various conditions encountered, 
and the methods developed in their solution. In the fourth Paper (pp. 46: | 
477) Mr. P. P. Fox, jun., describes the foundation explorations and the 
geological studies for the Chickamauga dam, near Chattanooga, Tennesseé 


= 1 See Journal Inst. C.E., vol. 14 (1989-40), p. 253 (April 1940). 
7, 
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By carefully logging, correlating, and plotting all data from many hundreds 
of large and small core-drills, it was possible to reconstruct the complex 
foundation conditions in detail, in advance of actual excavation. In the 
fifth Paper (pp. 478-499) Mr. J. B. Hays describes the extensive grouting 
Operations required to make a watertight cut-off. 

P ya 

z Rapid Concrete Construction at Extremes of Temperature. STEVEN 
Gorriies (*Concrete Constr. Engng., 35, 186-190 ; Apr. 1940).—During the 
construction of aluminous-concrete works at temperatures continuously 
around 0° F., it was established that the temperature inside a floor 4 feet 
6 inches thick did not fall below 32° F. at 4 inches below its surface, whilst 
at 2 feet below the surface the temperature did not fall below 40° F. The 
shuttering was removed after 30 hours, and the concrete resounded well 
when struck with a hammer. The Author discusses the effect of heat on 
mortar cubes made with aluminous cement, and presents the results of 
tests made on test-cubes of concrete cut out of a hardened wall. He states 
that when casting concrete in freezing weather the aggregates must never 
> ‘used in a frozen condition, and that the mixture must be free from ice. 
Prolonged mixing improves the quality of the concrete, shortens the setting- 
time, and expedites the development of heat and strength. 


Settlement Studies of the Huey P. Long Bridge, New Orleans. 
7. P. Krwpart (*Civ. Engng., N.Y., 10, 145-148 ; Mar. 1940).—The 
ciples of soil-mechanics were utilized in making a settlement analysis of 
bridge before it was built, and accurate and complete records of actual 
‘settlement have been kept since January 1935. The bridge was opened for 

affic on the 16th December 1935. The Author compares his settlement 
edictions with the actual observations, and discusses in detail the phe- 
enon of change in pier-elevation with river-stage. 


_ Failure of Two Welded Bridges on the Albert Canal, Belgium. 
‘Ossature Métall., 9, 89-92 ; Feb. 1940.)—In March 1938, the all-welded 
jerendeel-type bridge over the Albert canal at Hasselt collapsed (Lngng. 
racts (Eng. Con.), 1, No. 219 (June 1938)). During the very cold 
ther in January 1940, when temperatures of the order of —20°C. 
4° F.) were recorded, two further bridges of this type, at Herenthals- 
en and Kaulille respectively, developed cracks and had to be put out 
ervice. The Herenthals-Oolen bridge is of 200 feet span, with a para- 
ic top chord, and carriesaroad andalightrailway. In the early morning 
f the 19th January three loud reports were heard, and examination later 
eyealed cracks in the lower chords, one of which was about 1 inch wide and 
xtended upwards for nearly 7 feet. The bridge at Kaulille is of 160 feet 
n, and had been in service for 5 years. Here also the cracks occurred 
ainly in the lower chords, portions of which broke away, whilst a crack in” 
e top chord led to settlement of the end portion of the main girder near its’ 
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pendulum bearing. A number of the cracks in the two bridges started at q 
the junctions between external vertical stiffeners and the lower chords of theg 


main girders. 


The Effect of High Speeds upon Stresses in Railway-Bridges. 
R. A. Van Nuss (*Rly. Age, Chicago, 108, 364-367 ; 24 Feb. 1940).—Thes 
Author describes experiments made on the Atchison, Topeka and Santa Fe 
Railroad in order to study the deformation of metal in sections or membe 
of bridge spans under fast-moving loads. He gives details of the es 
strain-gauges used, and reproduces records obtained from the bottom flangess 
of a 24-foot open-deck beam span and a 70-foot deck-girder span with ans 
open deck. The measured static stress in short spans was considerably lesss 
than the theoretical value. It was found also that the maximum stresses 
in truss spans occur when the speed of the locomotive synchronizes with the 
period of vibration of the loaded structure. 


A New Type of Arch Bridge over the Mississippi. (*Hngng. News-: 
Rec., 124, 366-370 ; 14 Mar., 1940.)—The Galbraith bridge at Rock Island,| 
Ill., which is to be opened for traffic in June 1940, has two spans of 540 feet 
and three of 395 feet. Itis of a new type in which steel H-sections, weighin, 


398 lb. per foot, are used for the tie members. The ribs are box girders, th 
hangers are H-sections, and the shoes are of the rocker-bar type instead ¢ 
the pin type. Steel falsework was used in the erection of the arches, an 
the spans were swung with the aid of jacking-posts temporarily substitute 
for the hangers. 


: 


di: 
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The Use of Structural Steel Piles in Bridge Piers on the Canadian 
National Railways. (*Rly. Age, Chicago, 108, 544-549; 23 Maré 


1940).—In the central region of the Canadian National Railways, obsolete: 


_ masonry piers are being replaced by piers of H-section steel piles, whieh 


form the shaft of the pier in addition to acting as bearing piles. Rapidl 
construction and economy is thus achieved. -A typical steel pier structures 
is described. Descriptions are also given of several bridges in which H-see- 

tion steel-pile piers have been employed. ate = | 


The Rapid Construction of Piled Piers. A. M. Ropertson (*Coi 
crete Constr. Engng., 35, 174-185 ; Apr. 1940)—The Author describes # 
system whereby it is possible to construct reinforced-concrete piled piers 
and jetties without the use of temporary staging and floating plant, 
standardize designs as with timber construction, and to realize a speed of 
construction equal to, or greater than, that possible when using timber. 
The general design is of the well-known raker-pile type, but pre-cas 
reinforced-concrete units are introduced between the piles (in a longitudin 
direction). The piling-frame and crane can be carried on the permanent 


concrete piles 24 hours after they have been driven. The crane, pilin 


. 
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frame, and concreting-trucks can travel between the shore and the extreme 
end of the pier without interfering with the construction of the deck ; 
consequently floating plant is unnecessary. The pre-cast units support the 
waling or guide-timbers, which, in turn, are used to support the shuttering. 
‘The units also form the shuttering for the blocks uniting the piles, shutter 
the awkward sections of the deck between the pile-groups, and render sliding 
shuttering possible for the remaining 76 per cent. of the deck-area. The 
tate of construction possible is 42 feet (three bays) per week; that is, a 
400-foot pier can be built in 10 working weeks. The system is applicable to 
wider piers, where three or four parallel rows of trestles and pre-cast sections 
ould be necessary. 


_ Design of Hinges and Articulations in Reinforced-Concrete 


‘Structures. G. C. Ernst (*Proc. Amer. Soc. Civ. Engrs., 66, 589-605 ; 
Apr. 1940).—The Author observes that information on the design of 
Teinforced-concrete articulations is not readily available for convenient 
“use by the designer. He reviews the work of several investigators upon 
‘the Mesnager and Considére types of hinges, and discusses the action of 
‘such joints when subjected to thrust, shear, and rotation. A bibliography 


of twenty-one references is appended to the Paper. 


_ Tests on Models of Rigid Frame-Connexions. F. Campus 
“(Ossature Métall., 9, 125-142, 181-189 ; March and April, 1940)—The 
Author describes tests made on models of rigid frame-connexions, In con- 
¢inuation of an earlier series of trials (Engng. Abstracts, Part 55, No. 77; 
. 1932). The models were cut from steel plate, and were of T-shape, 
vith various gussets. ‘They were loaded in tension near the extremities of 
he vertical arms, and a load carried on the horizontal arm transmitted 
nding through the junction of the three arms. Tests were carried, out 
der conditions of simple tension, simple bending, and combined bending 
nd tension. The stress at various points was determined by the use of 
tensometers, and the results are plotted in a series of diagrams. A 
ogramme of further tests is indicated, and a bibliography of the subject is 
luded. 


The Conservation of Timber Poles, and their Re-Impregnation. 
Ruyvat (*Rev. Gén. Elect, 47, 187-194 ; 16-23 Mar. 1940).—The 
Author reviews the factors leading to the decay of timber poles used for 
insmission-line supports, and discusses the various methods of protection. 
describes the “Cobra” process, whereby poles which are nearing the 
it of their useful life may be re-impregnated with toxic substances 
ough holes pierced in them, and gives the results obtained from micro- 
logical tests. . 


‘Cathodic Protection on the Domestic Water-Distribution System at 


WAY 
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Treasure Island, San Francisco. C. H. Luu (*J. Amer. Watei 
Assn., 32, 305-338 ; Feb. 1940).—Treasure Island is a salt-water dredger 
fill upon the site of Yerba Buena shoals in San Francisco bay. Itis rectan- 
gular in shape, 5,520 feet long and 3,410 wide. The fill has an average 
depth of 32 feet, and is retained and protected against erosion by a rock — 
wall; it is composed of sand with occasional clay balls and local thin clay — 
sheets. Subsequent to construction, salt was leached from the sand, bie 
was retained by the clay. These conditions produced rapid local corrosion 
by pitting in bare and asphalt-dipped steel pipe, the maximum rate of © 
pitting being 0-168 inch per annum, and the average 0-107 inch. This 
corrosion has been controlled successfully and economically by a system of © 
cathodic protection, which is described in detail. The number of new lea ks 
per week in the domestic water-system, which was the most vulnerable, 
was reduced from fifteen to zero, and corrosion in all pipe-systems was — 
brought under control. This was accomplished by the installation of six 
rectifier-stations, with an output of approximately 460 amperes, direct | 
current, giving a current-density of 10 milliamperes per square foot of | 
equivalent exposed bare pipe-surface. 


Penstocks for Hydro-Electric Power Plants. P. J. Bier (*Hngineer= 
ing, 149, 349-352 ; 5 Apr., 1940).—The Author adopts the definition of a 
penstock as a closed conduit for supplying water under pressure to a water- 
wheel or turbine. His discussion is confined to steel penstocks as used in | 
developments utilizing high heads. He deals with design problems; with — 
methods of determining the most economical diameter for the penstock; 


with head-losses in pipe-lines ; with design to resist the combined press 


site of pipe-sections. 


MECHANICAL ENGINEERING. 


Regenerative Feed-Heating in Industrial Power Plants. A. F, 
Wesser (*J. Inst. Fuel, 133-142 ; Apr. 1940)—The Author asserts hat 
appreciable economies in overall heat-consumption can be effected by a 
simple and inexpensive form of feed-heater, using steam tapped off from the 
low-pressure main of industrial pass-out turbines. Moreover, if the feed- 


savings can be realized owing to reduction in cost of the economizer, increase 
in effective boiler evaporation, and the possible elimination of an induced- 
draught fan and motor. He describes an installation in which this principle 
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has been adopted, and discusses the use of regenerative feed-heating for 
straight condensing turbines, observing that the fact that the turbine-casing 
would have to be redesigned to allow of the extraction of the necessary 
steam renders it impracticable for existing machines. In Tables and 
curves he indicates the gain due to single-stage regenerative feed-heating 
under typical industrial conditions over wide ranges of pass-out pressure, 
pass-out flow, electrical load, and initial steam conditions. 


' Research on Turbine-Blade Vibration. F. T. Hacuz (*Mech. 
Engng., 62, 275-277 ; Apr. 1940. *Elect. World, 113, 726-728 ; 9 Mar. 
1940).—In order to study the problem of fatigue failure due to turbine- 
blade vibration, an experimental turbine carrying only two rows of impulse 
blading was set up by the Westinghouse Electric and Manufacturing Com- 
pany at South Philadelphia, Pa. By an optical arrangement, which is 
described, more than 30,000 photographs were taken (usually at 4-second 
intervals) under a wide range of conditions of speed, acceleration, decelera- 
tion, steam-temperature, and pressure, and with various blade designs and 
assemblies. It is concluded that damping increases with blade-stress, and 
: very low at low stress ; decreases with increase in the frequency of vibra- 
on; and decreases rapidly at high operating temperatures, particularly 
bove 750° F.; at 1,000° F. the damping is only one-third as much as at 
om-temperature, and is decreasing steeply. 

A second experimental turbine has been built, with full-size impulse- 
heel (a duplicate of the impulse stage of the 50,000-kilowatt unit at the 
Vest Penn power-station), for studying blade-performance with a steam- 
ressure of 1,250 lb. per square inch and a temperature of 900° F. The 
ptical system records the performance of sixteen different blade com- 


Use of Heaters to Prevent Condensation on Generators in 
fydro-Electric Power-Stations. J. E. Hovustey (*Elect. World, 113, 
954-1056 ; 6 Apr. 1940). At three hydro-electric power-stations in the 
south-east of the United States nine vertical-shaft generators, ranging in 
size from 20,000 to 45,000 kilovolt-amperes, were subject to condensation 
oisture on the stator and rotor parts, which might cause rapid deteriora- 
of electrical equipment. As a remedy, space heaters totalling from 
ilowatts to 12 kilowatts have been installed just below the windings of 
generators. These heaters provide protection against deterioration 
insulation and laminations during shut-down periods. The temperature. 
is maintained above the dew-point, and the circulation of air is regulated so 
hat cold air will not flow over or through a generator which is shut down. 


‘Operating Experience with High-Voltage Alternators. W. D. 
RSLEY (*J. Inst. Elect. Engrs., 86, 345-354 ; Apr. 1940).—The Author _ 
jews experience obtained since the first high-voltage concentric- 


' mes, f 


building control more and more machines the farther the processes are 
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conductor alternator was placed in service in 1928 at the Brimsdown power: - 
station, indicating the difficulties encountered and the steps taken to over: - 
come them. He describes the development of a new technique in the 
construction and manufacture of such alternators, and also of a new’ 
“ vacuum-pressure ” impregnating plant capable of accommodating stators } 
weighing more than 130 tons. He discusses the protection of high-volta ge 
generators, and the effect of direct generation upon system operation. 


y 
r 
) 


Capacitor-Motors for Single-Phase Systems. (Electrician, 124, 
187 ; 8 Mar. 1940.)—The term “ capacitor ” motor is used to denote both i 
the plain single-phase induction-motor employing a condenser or capaci ‘ 
ance for starting only, and the compensated single-phase motor in which 
capacitance is incorporated primarily in order to improve the running 
power-factor, but is also employed for starting purposes. The “ capacitor + 
start-and-run ” motor is the single-phase equivalent of the compensa ed 
polyphase induction-motor. It has the usual main primary winding, and | 
also an auxiliary winding which is displaced half a pole-pitch from the main 
winding and connected across the line in parallel with the latter ; in series 
with this auxiliary winding is placed the capacitance, in the form of either 
a single condenser or two condensers in parallel. Applications of capacitor 
motors are described. Typical values of starting torque with slip-ring 
motors are stated to be 200 per cent. torque with 225-250 per cent. . 
current, and 100 per cent. torque with 150-200 per cent. current. The > 
efficiency is high for a single-phase motor, typical figures being from 10 ) 
to 90 per cent. according to size, and the power-factors range from 0-9 to) 
0:94 or more. . 

Use of Electrical Power in Refuse-Reclamation. (*Elect. Revs, 
126, 363-365 ; 29 Mar., 1940.)—In the borough of Tottenham, London, 
the quantity of refuse collected annually amounts to 30,000 tons, and of 
this 80 per cent. has a definite value to industry and agriculture. ‘he 
refuse is sorted by hand on conveyor belts and the various materials salved 
are treated in different ways to render them saleable. All of the motors 
used for the preparation of rags, metal, and paper are operated by 5-horse- 
power totally-enclosed motors running at 750 revolutions per minute. 
A 7}-horsepower motor drives a conveyor and a screen for the removal of 
dust and cinders; the latter are cleaned by a plant driven by a 2-ho 3 
power motor. Push-button stop-start switches provided throughout the 


advanced. It is stated that £2,170 was received from the sale of materia | 
recovered during the 8 months ending on the 31st January 1940. 


Electrically-Operated Flood-Gates on the London Underground 
Railways. (*Elect. Rev., 126, 332-335 ; 22 Mar. 1940.)—The work of 
safeguarding the tube railways (Journal Inst. C.E., 13, 167; Dec, 1939) 
included the provision of means for sealing sections of the tunnels, either 
Loe a. iy rs - 
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“by horizontally-sliding gates or hinged-flap gates, and sealing passenger- 
entrances to the platform tunnels by means of drop-sector gates. Details 
are given of the electrical control system, motors, and transformers employed 
‘for the operation of the various types of gates. 


Be 

Diesel Locomotives for Heavy Gradients and Sharp Curves in 
‘Madagascar. (*Rly. Gazette, Lond. (Diesel Railway Traction), No. 
95, 50; 12 April 1940.)—A short account is given of the construction of 
five metre-gauge Bo-Bo-Bo-type diesel-electric locomotives designed for 
‘gradients of 1 in 283, easing to 1 in 34-35 on 263-foot radius curves, and for 
gradients of 1 in 40 combined with 164-foot radius curves. The centre 
bogie has considerable lateral play, controlled by the movement of the 
outer bogies. The diesel-engine develops 625 brake-horsepower at 790 
‘evolutions per minute, and the traction-motors give a tractive effort at 
“starting of 26,5001b. The maximum service speed is 37 miles per hour, and 
the locomotives are expected to haul trains of 185 tons on the steepest 
‘gradients. Multiple-unit control is fitted. 


_ Dual-Power Railcars for the French National Railways. GARSONNIN 
(*Rev. Gén. Chem. de F., 591, 92-103 ; March-April 1940).—A description is 
Re. : : " 

iven of a new type of railcar recently placed in service on the French 
Jational Railways in the Bordeaux district. The cars of this type are elec- 
rically driven, and derive their current from the overhead system where 
his is in use, and from diesel-driven generators when running on non-electri- 
edlines. One four-wheel bogie of each car is driven by two nose-suspended 
raction-motors permanently connected in series; the other bogie is not 
driven. The cars can be run in multiple-unit formation, with either all- 
ectric or diesel-electric drive. The two traction-motors can develop about 
40 horsepower continuously, and the cars have a maximum speed of 140 
cilometres (874 miles) per hour. 


Underwater Cutting, Arc Cutting, the Oxygen Lance, and Oxygen 
e-Seaming and Machining. W. Spraracen and G. E. CLAUSSEN 
(#J. Amer. Weld. Soc., 19 (Weld. Research Suppl.), 81-96 ; Mar. 1940).—The 
Authors present a survey of the literature of the subject up to the 1st January 
1939, with a bibliography of 164 references and a number of suggestions for 
‘research. 


The Admiralty Cathode-Ray Oscillograph Engine Indicator. Raby 
mirH, E. H. Laxey, and H. Morean (*Proc. Instn. Mech. Engrs., 148, 
56; Apl. 1940).—This instrument, which has been developed for use on 
mpression-ignition engines of medium-speed and high-speed types, con- 
ists of a pressure-sensitive device based upon the magnetophone principle. 

e pressure to be recorded deflects a steel diaphragm and changes an air- 
in a magnetic circuit. The pressure on the diaphragm modulates the 
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and disadvantages of the high-frequency current are discussed, the pre- 
cautions necessary to ensure accuracy are described, and some typic 
records obtained with the instrument are reproduced. 


Compressed-Air and Water-Meter Testing Plants of the Central; 
Mining-Rand Mines Group on the Witwatersrand. D. B. ee 
(*J. 8. Afr. Instn. Engrs., 38, 270-288 ; Mar. 1940).—Detailed descriptions 
are given of the instruments installed in the air-meter testing plant at thes 
Ferreira Deep, Johannesburg, and in the water-meter testing station at theg 
Rosherville dam. In seven Appendixes test results and discharge data areg 
tabulated, with calculations for an 8-inch air-recorder. 


’ MINING ENGINEERING, 


Mine Supports during War Time. A. M. Bryan, M. A. Hoeay,; 
and J. S. Ripa (Trans. Inst. Min. Engrs., 98, 264-270 ; Mar. 1940)—T heg 


timber supports. They discuss in detail the possible substitution of steel, 
reinforced concrete, brick, masonry, pit debris, and combinations of thesee 
materials. They observe that questions of cost may, to some extent, have 
to give way to expediency ; and that the safety of the workers must always: 
have first consideration in any changes that may be made. 


The Introduction and the Use of Steel Roof Supports at the Working- - 
Face. J. F. Carr (*Zrans. Insin. Min. Engrs., 98, 208-223 ; Mar. 
1940).—The Author gives a practical account of a recent change from: 
timber to steel supports at the face. The introduction of steel supports 
was effected on four faces, namely, two strike-faces in a 4-foot seam and one 
strike- and one dip-face in a 6-foot seam. He states that the introduction of 
steel has resulted in a marked decrease in face-support cost. 


Hydraulic Stowage on a Small Scale. Groraz Dorr (*Colliery 
Engng., 17, 60-62 ; Mar. 1940).—The Author describes stowage operations 
carried out in extracting an area of Ell coal from old stoops beneath the! 
disused blast-furnaces of the Coltness ironworks, which demonstrate that 
hydraulic stowage—usually regarded as an expensive and rather com- 
plicated operation—can be introduced with very little equipment. The 
stowage material used is, principally, redd from a coal-washery with an 
addition of slag from the old ironworks. The rate of stowage is about 
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‘a larger proportion of it is used when stowing to the rise. No records of 
‘surface subsidence have yet been made, but the Coltness Company is 
‘Satisfied that the system is serving the limited purpose in view, namely, 
that of minimizing surface damage. 


ae 


Sy 


Dust-Suppression at Holditch Colliery. J. Waker, L. Wuir- 
‘FIELD, and W. R. Evans (*7rans. Instn. Min. Engrs., 99, 8-14 ; Apr. 1940). 
With the opening out of the Four Feet seam at Holditch Colliery the dust 
problem became acute. Despite the installation of a modern screening 
plant, dense clouds of dust formed in the tippler house, whilst the deposit 
of dust was so thick around the screens and in the winding-engine and 
'power-houses that it constituted a daily nuisance. In the pit the loading 
points and gate-end junctions were affected, as the brisk ventilation in the 
Four Feet seam carried the dust on to the face, and the men had to work 
with their backs to the wind. The problem was tackled on the surface, 
‘at the loading stations and the coal-face, where the face-belts meet the 
‘gate-conveyor, and on the coal-cutting machine where much dust is made. 
‘A spray was evolved, consisting of two chambers, one containing water 
and the other compressed air. This is of simple construction and may be 
‘of circular, rectangular, or square shape. The spray can be readily 
‘controlled to form a fine mist. The results of tests are given and the 
advantages are summarized. 


Winding from an Intermediate Level in a Vertical Shaft. F. B. 
Kerrince (*Proc. 8. Wales Inst. Engrs., 56, 4-14 ; 12 Mar. 1940).—The 
electrification of the Wern Tarw colliery has already been described in the 
Journal of The Institution!. The Author now describes the arrangements 
adopted to permit winding from different levels, and to use both cages at 
ach level. Installation of a new winding-engine was necessary as part 
of the electrification, and a double-drum unit was selected, with one drum 
loose to provide for adjustment of the winding-ropes to enable both cages 
to serve either the Pentre or the Six Feet level. This design embodies 
ydraulically-operated brakes and drums 8 feet in diameter and 3 feet 
‘inches wide, with parallel and grooved barrels, the loose one being 
secured by a multi-tooth clutch. Drive is effected by a 250-horsepower 
3,300-volt motor through single-reduction double helical gears giving a 
maximum drum-speed of 47-7 revolutions per minute, and control is 
by a vertical lever on the driver’s platform operating a water-cooled liquid 
controller with an automatic accelerating device giving full speed in 7-8 
sec onds. Overwind and slow banking control are also installed. Detailed 
descriptions are given of the underground arrangements and landing- 


1 Journal Inst. C.E., yol. 13 (1939-40), p. 269 (January 1940). 
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Coal Carbonization. D. A. Reynoups and G. W. Birce (*Ind. Engng. 
Chem., 32, 363-367 ; Mar.1 940).—The Authors discuss the manner in wh 
gas-pressures develop within the uncarbonized portion of a charge of ¢ 
carbonized in cylindrical steel retorts, and state that these pressures increase 8 
irregularly as the plastic coal layer moves to the middle of the retort, , 
attaining a maximum when the innermost coal reaches the plastic state. . 
In the coals investigated the maximum pressures varied according to the: 
rank of the coal carbonized, increasing with decrease in the volatile conten’ t. 
It is concluded that the maximum gas-pressure attainable in the carboniza- - 
tion of low-volatile coals is not seriously modified by the temperature oft 
carbonization, provided that the heating-rate is sufficiently rapid to ensure: 
a continuous plastic layer. Internal gas-pressure minimizes the passage of! 
volatile products from the plastic layer into the uncarbonized coal, and! 
causes a higher proportion of them to flow outward through the coke. 


Extraction of Lead from Zinc Concentrates at the Pend Oreille Mines, , 
Washington. ©. A. R. Lampty and F. R. Mriircen (*Engng. Min. J,,. 
141 (3), 29-31 ; Mar. 1940).—The Authors describe an unusual addition t 
the standard procedure in floating lead-zinc ores, whereby lead-recovery 
has been increased from 92-94 per cent. to 99 per cent., with only a slight 
reduction in the grade of the lead concentrates, whilst the grade of the zine 
concentrates has been increased from 62 to an average of 64 per cent.; 
with a loss of only 0-4 per cent. of the total zinc. Flotation of the lead is 
effected in two ten-cell machines, the tailings being then treated for zinc m: 
two twelve-cell machines and three 10-foot cleaners. De-leading of the zine 
concentrates is effected in a six-cell flotation-machine with cyanide as the 

reagent. The flow-sheet is reproduced and comparative results with and 
without the de-leading operations are tabulated. 
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NOTICES 
No. 7, 1939—40 
JUNE, 1940. 
MEETINGS, SESSION 1939-40. 


ANNUAL GENERAL MEETING. 


- The Annual General Meeting will be held at 5.30 p.m. on Tuesday, 
11 June, and will be preceded at 5.25 by a Ballot for the election of new 


members. 


EXTRA MEETING. 


__ A Joint Meeting of The Institution and the British Section of the 
Société des Ingénieurs Civils de France has been fixed for Tuesday, 25 June, 
at 5.30 p.m., when a Paper on “Recent Developments of Pre-Stressed 
Concrete Construction, with Resulting Economy in the Use of Steel,” by 
'T. J. Gueritte, B.Sc. (with a technical Appendix by Dr.-Ing. K. W. Mautner) 
will be read and discussed. 

_ Advance proofs of the Paper may be obtained on application to the 


Secretary. 


— 


SPECIAL ANNOUNCEMENTS. 


MILITARY SERVICE, 
EMERGENCY COMMISSIONS IN R.E. TRANSPORTATION. 


The War Office invites members of The Institution who have had 
xperience in railway surveying or railway construction and who are 
etween 31 and 40 years of age to submit their qualifications with a view 
o being granted Emergency Commissions through the Army Officers’ 
mergency Reserve. Members who are desirous of applying and who 
ave obtained the necessary permission to offer their services (where such 
permission is required) should apply as soon as possible to the Secretary 


of The Institution for the Army form. 
e The fact that a member has lodged a form with the Central Register of 
‘the Ministry of Labour does not debar him from volunteering in response 
4o this invitation from the War Office. Members who have already 
odged applications for registration in the Reserve should not apply fora 


‘<fhg 


certificate of membership, for production to the Registration Officer. 


[2] 
ARMY OFFICERS’ EMERGENCY RESERVE. 


Corporate members are informed that registration in the Army Officers’ 
Emergency Reserve is proceeding so far as Civil Engineers are concerned, , 
and members who desire to apply for registration, and who are free to 
do so, may obtain the necessary form of application from the Secretary. . 
After the form is completed it should be returned to the Institution, when: 
a certificate of membership will be attached to it and the application will 
be transmitted to the War Office. 


of the April Journal. 


NATIONAL SERVICE (ARMED FORCES) ACT, 1939. 


register at a Local Employment Exchange when their age-group is called, , 
and may obtain from the Secretary a form of certificate indicating their: 
connexion with The Institution, which, upon production to the Interviewing 
Officers when their age-groups are called, will, it is anticipated, assist them | 
in being posted to the ranks of the Corps of Royal Engineers or to a technica 
unit in which their qualifications can be employed. 
An Associate Member or a Student over 23 years of age who is normally 
engaged in civil engineering, must register at a Local Employment Ex: 
change when his age-group is called, and should designate himself as a. 
“Civil Engineer ” or as a “‘ Pupil Civil Engineer ” respectively to accord 
with the Ministry of Labour’s “ Schedule of Reserved Occupations.” 
He should obtain beforehand from the Secretary of The Institution a 


POSTPONEMENT OF ENLISTMENT. 


Students of The Institution who are liable for compulsory service in 
H.M. Forces and who desire to apply to have their enlistment postponed 
for the purpose of sitting for an Institution Examination, should apply to 
the Clerk of the Medical Board for a copy of Form N.S. 13 (application fo: 
postponement certificate) when they are called up in their age-group for 
medical examination and interview. The Secretary is prepared to answe! 
general inquiries in regard to this matter. ~ 


AIR MINISTRY. 
ROYAL AIR FORCE VOLUNTEER RESERVE. 


The attention of members of The Institution is directed to the fac 
that the Royal Air Force requires a number of technical officers for employ- 
ment on engineering and armament duties. Commissions in the Royal 
Air Force Volunteer Reserve will be granted for the duration of hostilities 
to suitable applicants between the ages of 21 and 50 years possessing the 

~ 


[3] 


‘Tequisite personal and technical qualifications. The following are the 

Thinimum qualifications :— 

Engineer. 

e (i) Holders of Engineering Degrees. 

ae (ii) Holders of Engineering Certificates, or members of Engineering 
Institutes who also have 2 years’ practical experience. 

(iii) Practical engineers who have served an apprenticeship followed 
by a number of years’ experience in erecting or overhauling 
internal-combustion engines or aeroplane structures, and with 
knowledge of the properties of engineering materials. 


Armament. 

(i) Holders of Engineering Degrees or Engineering Certificates, or 
members of Engineering Institutes with at least 2 years’ 
practical experience, particularly those with experience in 
armament manufacture. 

(ii) Practical engineers who have served an apprenticeship followed 
by a number of years of practical engineering experience and 
with knowledge of the properties of engineering materials. 


_ The appropriate form of application (No. 1020), and notes on conditions 
_of service, may be obtained from the Secretary of The Institution or from 
‘the Air Ministry, S.7.e/5., Adastral House, Kingsway, W.C.2. 

_ The Secretary will be pleased to furnish certificates of membership of 
| The Institution for attachment to applications. 


MINISTRY OF LABOUR. 
SCHEDULE OF RESERVED OCCUPATIONS. 


The following new entry has been made in the Ministry of Labour’s 
‘Schedule of Reserved Occupations :— 
Student engineering apprentice or learner—reserved at and above 
_ the age of 18 years. 
|‘ This entry relates only to a man employed in industry or under 
articles to a professional engineer who produces a certificate from a 
‘university or technical institution or from a professional Institution of 
Engineers to show that he is within two years of the satisfactory com- — 
pletion of a course of study with a view to offering himself for the first 
time for :— 
(i) an Engineering Degree ; 

(ii) an Engineering Higher National Certificate ; é 
(iii) an Associate Membership of the Institutions of Civil, Mechanical ~ 
‘or Electrical Engineers, or the Associate Fellowship of the 
Royal Aeronautical Society ; : $ . 


hey 


_ professional careers have been interrupted for a period of at least 1 ye ar 
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(iv) or an examination of similar standing to that of an enginee: 
degree. ; 

The definition is intended to cover under paragraph (iv) the case of 
other professional institutions of engineers not mentioned specifically 
under paragraph (iii). | 

In so far as The Institution of Civil Engineers is concerned, category (ii) 
applies to Students who are studying with a view to passing Sections A 
and B of the Associate Membership Examination within a period of 2 years, , 
and who obtain from the Secretary of The Institution certificates to thiss 
effect for production to the Registration Officer of the Local Employme at 
Exchange when they register in their age-groups under the National Servic 
(Armed Forces) Act, 1939. 

Before a Student is furnished with a certificate, he must send to t 
Secretary full details of his present occupation, state the dates when h 
proposes to sit for Sections A and B of the Associate Membership Examina- - 
tion, and satisfy the Secretary in regard to the steps he is taking to prepare 
himself to sit for such examination. 


w 


— 


GENERAL ANNOUNCEMENTS. 


TEMPORARY MODIFICATIONS IN THE BY-LAWS TO MEET 
WAR CONDITIONS. 


Since the announcement of the temporary modifications in the By-la 
to meet war conditions which appear at p. [4] of the Notices section of the 
February Journal and which, inter alia, provide for the acceptance under 
certain specified conditions of “ military or national service approved by 
the Council” as in part fulfilment of practical engineering training and 
experience and as exempting from the Institution Examinations in part or 
in whole, inquiries have been received asking for a definition of the term 
“national service approved by the Council.” The Council therefore 
think it well to state that the question as to what will be regarded as 
“national service” for this purpose is one which can only be settled by 
them on the merits of each case as it arises. 

A Standing Committee of the Council will scrutinize carefully all 
claims for relaxation of the ordinary rules by candidates for election whose 


by military or other approved national service. The Council wish to 
emphasize in this connexion that the standard of educational and practical 
attainments of those who may be admitted to election under the modified 
By-laws will have to be such as to qualify them properly for Corporate 
Membership of The Institution, and that they are determined not to allow 


the operation of these special modifications to affect detrimentally the 
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status of The Institution as a body, or to remove the guarantees of pro- 
fessional efficiency at present afforded by its membership. Every appli- 
cation for relaxation of the examination requirements will be considered 
on its merits, and as it will not be possible to decide on any individual case 
until the candidate has reached the age of 25 years and is seeking election, 
the Council are anxious that Students and other prospective candidates 
for election should not relax their efforts to obtain the full qualifications 
normally required. 


THE JOURNAL, 


bd The last Number of the Journal for Session 1939-40 will be issued on 
the 15th October 1940. 


ag INDEX TO JOURNAL. 


_ Hitherto the Journal has been arranged for binding in three volumes, 
a the smaller amount of matter published in Session 1939-40 will allow 
the eight numbers to be bound in two volumes. 

_ For the convenience of members and others who bind the Journal in 
Volumes, an extra copy of the combined index for the eight numbers will 
be supplied with the two binding-cases for the volumes, in addition to the 
‘combined index which will appear in the October Journal, for binding in 
the text of the two volumes for the year. 

Details of the binding-cases for the Journal appeared in the “‘ Notices ” 
ction of the November 1939 Journal. 


THE INSTITUTION;{BUILDING. 


~ Members and Students are reminded that coloured prints of a drawing 
f the Institution building (original in colours by H. Rushbury, R.A.), 
ay be purchased. The charge is half a guinea a copy ; and a limited 
amber, signed by the artist, are available at one guinea each (1s. extra 
xr packing and postage). The prints (20 inches by 13 inches without the 
yrder) are mounted ready for framing. Particular attention has been 
d to obtain a really artistic picture. A copy may be seen at the Institu- 
n, and specimens were forwarded to the Honorary Secretaries of Local 
ociations for viewing by members in their areas. 


EXAMINATIONS. 


The next Preliminary and Associate Membership Examinations are 
> be held in London during the week commencing the 7th’ October. 
ompleted applications to attend those Examinations should be placed 
1 the Secretary’s hands by the 31st August. It would be a convenience 
if Students of The Institution attending the Associate Membership 


fad foes 


available. All subscriptions run from January. 
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Examination forwarded their applications at least a fortnight before #l 
date. 


Cc. CG. LINDSAY CIVIL ENGINEERING SCHOLARSHIPS. 


Regulations for the award of these Scholarships, sanctioned by th’ 
Board of Education, may be obtained on application to the Honorary 
Secretary of the Glasgow and District Association (Mr. William 
MacGregor, B.Sc., Engineering Department, The University, Glasg ow 
W.2). Eligibility for the award of these scholarships, which are each | 
the value of not less than £25 per annum, is confined to Students of Thi 
Institution who are members of the Glasgow and District Association 0 
The Institution and are British subjects of Scottish parentage. 


JAMES ALFRED EWING MEDAL. 


On the joint recommendation of the President and Sir William Bragg 
President of the Royal Society, the Council have awarded the James 4 Tee 
Ewing Medal for 1939 to Professor Geoffrey Ingram Taylor, F.RS., o 
Trinity College, Cambridge. The Medal is awarded for specially meritorious 
contributions to the science of engineering in the field of research. 


CHARLES HAWKSLEY PRIZE. 


In view of the large numbers of Students and younger Associat 
Members who are expected to be serving with H.M. Forces during th! 
coming year, the Council have decided that no competition for the awar 
of the Charles Hawksley Prize be held in 1941. 


ROAD ABSTRACTS. 


By arrangement with the Institution of Municipal and Count; 
Engineers, members may obtain copies of “ Road Abstracts’, compile 
by the Department of Scientific and Industrial Research and the Ministr 
of Transport, at the special subscription rate of 8s. 6d. per annum—whie 
is one-half the usual rate. 

Publication is monthly, and the issues from January 1940 are sti 


SEA-ACTION COMMITTEE. 


The following Sea-Action Reports are available and may be obtaine 
from H.M. Stationery Office :— 


Fourth (Interim) Report (1924), 3s. 6d. (postage 3d. extra). 
Ninth (Interim) Report (1929), 3s. 6d. (postage 2d. extra). 
Tenth (Interim) Report (1930), 2s. Od. (postage 1d. extra). 
Eleventh (Interim) Report (1930), 9d. (postage 1d. extra). 
Twelfth (Interim) Report (1931), 6d. (postage 1d. extra). 


Thirteenth (Interim) Report (1933), 1s. 6d. (postage 2d. extra). 
Fourteenth (Interim) Report (1934), 1s. 6d. (postage 2d. extra). 

-- Fifteenth Report (1936), 12s. 6d. (postage 6d. extra). 
Sixteenth (Interim) Report (1937), 6d. (postage 1d. extra). 
Seventeenth (Interim) Report (1938), 9d. (postage 1d. extra). 

[The First, Second, Third, Fifth, Sixth, Seventh, and Eighth (Interim) 
Reports are out of print.] 
* Highteenth Report (1940), 8s. 6d. (post free). 
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_* This Report is about to go to press, and orders for copies may be 
placed with Messrs. William Clowes & Sons, Ltd., St. Mary’s, Ballygate, 
Beccles, Suffolk. 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH. 


- Special arrangements have been made by the Government for dealing 
ith the technical problems of building created by the war. Supplies of 
certain building materials need to be conserved. The problems thus 
presented, and others that may be brought about in the changing circum- 
‘stances of war, have been under attention by the Works and Building 
riority Sub-Committee. The Building Research Station of the Depart- 
nent of Scientific and Industrial Research had already been studying such 
roblems ; and the Sub-Committee have asked the Department to arrange 
that the Station should also undertake as a special task during the war 
he solution of any such problems that may be referred to it by the Sub- 
ommittee. The Department, acting in consultation with its Building 
search Board, has made appropriate arrangements, and the Station 
iow lias the work actively in hand. On the recommendation of the 
3uilding Research Board, the following Committee has been appointed to 


dvise on it :— 


G. M. Burt. F.I.0.B. (Chairman.) 
T. P. Bennett, F.R.I.B.A. 
W. T. Halcrow, M. Inst. C.E., M. I. Mech. E., M. Inst. W. E. 


E. C. Harris, F.S.I. 
B. L. Hurst, M. Inst. C.E., M. I. Mech. E., M. I. Struct. E. 


J. W. Laing. 

G. B. Sharples, 0.B.E., M.Sc., M. Inst. C.E. 
Sydney Tatchell, F.R. i. B.A. 

R. T. James, M. Inst. C.E. 


h Assessors from the Admiralty ; War Office ; ie Ministry ; Ministry 
Home Security—A.R.P. Department ; H.M. Office of Works ; Ministry 
Health ; Department of Health for sdb ea and Department of Agri- 
ture for Scotland. 


- Martin, Herbert Edward Lance, B.Sc. (E. 1910.) 2 a 
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TRANSFERS, ELECTIONS, AND ADMISSIONS. 
Since the 19th March 1940, the following elections have taken place :- 


Meeting. Members. Associate Members. 
23 April. 1 is 
7 May. 2 1 


and during the same period the Council have transferred seven Associate 
Members to the class of Members, and have admitted seventy Student 


DEATHS AND RESIGNATIONS. 


The Council have received, with regret, intimation of the following 
deaths and resignations :— 


DEATHS. 
Baupry, Henry Osborne. (E. 1877. T. 1886.) Member. 
Buaxe, Rustat, M.A. (E. 1897. T. 1910.) A 
Bucxuz, Archibald Stewart. (E. 1920.) 3 
Dixon, Professor Stephen Mitchel, M.A., B.A.I. (HE. 1892. of 
T. 1906.) 

Mrapr-Krne, Sir William Oliver Evelyn. (E. 1887. T. 1890.) “ 
Monk, John Edmonson, B.Sc. (E. 1900. T. 1926.) a 
PartTRipGE, GERALD WitL1aM. (E. 1894. T. 1901.) - 
Smiru, Roger Thomas, B.Sc. (E. 1889. T. 1918.) i 
Woopnovsts, William Bradley. (E. 1919.) = 
Bartry, Henry. (EK. 1927.) Associaie Me 
Eastman, Thomas. (E. 1867.) i. 
Loaon, Alfred Edwin. (E. 1914.) 2 4 
McEwen, Thomas Smith, (KE. 1885.) i si 


MoNetrtt, Charles Stuart. (EK. 1911.) 2 + 


Purures, Richard Trefor, B.Sc. (E. 1930.) nS i: 
Rosson, William Raymond. (EK. 1925.) * 
THomson, James Cameron Bell, B.Sc. (EE. 1935). ~ Py 
WestsrooKg, Ronald Porteous, B.Sc. (E. 1928.) 


Nicot, Edward Watson Lundie. (KE. 1924.)  Aesoeiatel 
RESIGNATIONS. 
Puante, Stanley Gedye. (E. 1906.) Associate Membe 


SWARBRIOK, Robert Alfred. (E. 1899.) 


” 29 


RECENT ADDITIONS TO THE LIBRARY. 

[Journals, Proceedings of Societies, etc., are not included. ] 

Acoustics. O son, H. F., and Massa, F. “ Applied Acoustics.” 2nd ed., 1939. 
Constable. 25s. 

Arr-Conpitioninc. See FURNACES. : 

Arrorart. Trrcumann, F. K. “ Airplane Design Manual.” 1939. Pitman. 1 B 

This is an introduction to the art of aeroplane design, for the student, th 

young engineer, and the draughtsman. Its object is to assist in the co-ordination 

of knowledge of aerodynamics, stress analysis, and other aspects of the problen 


Rca 


: which must be considered before commencing the actual design of a machine, 
gz and to aid in a systematic prosecution of the work. 

Ar-Drrencr. Lez, D. H. “Design and Construction of Air-Raid Shelters.” 
1940. Concrete Publications. 8s. 6d. 

The designs given can be followed with the knowledge that they are in accord- 
ance with Government requirements and with common practice; alternative 
designs provide for protection against gas, or for the future provision of gas 
. protection. Shelters in concrete, brick, steel, and timber are dealt with, and the 

strengthening of existing basements is described. The relative costs of various 
materials are given. 
—— Ministry or Home Security. Arr Rarp Precautions Dept. “ Detection 
~ and Identification of War Gases.” 1939. H.M.S.O. 1s. 


CA Pe 


Arcuns. See INFLUENCE-LINES. 
Avromosmzs. Pratt, M. “Elements of Automobile Engineering.” 1940. Pit- 


ae 


man. 5s. 
— Socrery or Automotive Encinenrs. “ Handbook, 1939 ed.” 29 West 39th 
— Street, New York. 25s. 
Axiusoxes. See Rottrne-Stock. 
BRIDGES. Anonymous. “Road Bridges in Great Britain.” (Reprinted from 
“Concrete and Constructional Engineering.) 1939. Concrete Publications. 6s. 
a DemestEr, M. G. “ Specification for the Design of Road Bridges.” Revised 
eg ed., 1936. Published under authority, Country Roads Board of Victoria, 
- Australia. Tait Publishing Co., Melbourne. 2s. 6d. 
—— MInistRy OF Transport. “Standard Forms, Conditions of Tender and 
~ Contract for Road and Bridge Works. (Revised July 1938.) England and 
Wales, and Scotland. 1938 and 1939. H.M.S.O. 9d. each. 
BumLpING. *Lonpon MASTER Bumpers’ Association. ‘The Master Builders’ 
_ Handbook, 1940.” The Builder. 2s. 6d. ; 
Creuers anp CrpHer-WriTtNc. *GAINES, H. F. ‘Elementary Crypto-analysis.” 
1940. Chapman and Hall. 21s. 
Crit Encrveermnc. *Brrecmarer, A. A. “German-English Glossary for Civil 
=a Engineering.” Circular No. 40. 1940. University of Illinois Engineering 
i Experiment Station, Urbana. 40 cents. 

MPRESSED-AIR. Compressep-AIR INSTITUTE. “Trade Standards.” 5th ed., 
~ 1938. New York. $1. 
= O’Nen, F. E., Ed. ‘ Compressed Air Data.” 5thed., 1940. Compressed Air 
| Magazine, New York. $3. 
NOR American Concrete Instiruis. “ Reinforced Concrete Design Hand- 
_ book.’? 1939. Detroit. $2. 
— Canrett, M. T. “College Textbook of Reinforced Concrete Construction.” 
~ 1939. Chemical Publishing Co. $3. 
Jee also STRUETURES. 


yNsTRUOCTION. Putver, H. E. “ Construction Estimates and Costs.” 1940. 


McGraw-Hill. $5. 


ms. See CONSTRUCTION. 


et Enornes. Anonymous. “The Modern Diesel.” 5th ed., 1939. Iliffe. 


a Pe 
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Ecuo-Sounprnc. MacMrmxan, D. H. “ Precision Echo Sounding and Survey 
1939. Hughes, 59 Fenchurch Street, E.C.3. 12s. 6d. 
The object of this book is to bring hydrographic principles into line with 
improved technical aids now available to the hydrographic surveyor charged v 
the duty of accurately charting ship channels, estuaries, and other shoal wai = 
ways. Detailed descriptions are given of echo sounding gear and of its installatior 

and use. 
ENGINEERING. GuitLEsriz, J. J. ‘‘ Engineering Reorganization.” 1940. Pitmang 
12s. 6d. 
This book is for the use of small and large engineering firms not rs expe 


continuous or mass production, and presents the results of nearly 11 years’ exper 
ence of recorganization and advisory work with companies employing from 5 
to 2,000 people. Many Tables are given showing detailed improvements effecte 
by reorganization. 
Estmmatine. Davies, B. Price. ‘“ Estimating for Buildings and Public Works. 
9th ed., 1939. Cardiff, Western Mail. 25s. é 
The system of estimating outlined owes its origin to the fluctuation of prices 
during the post-war years 1919 to 1923. The data given are unaffected by mark 
fluctuations ; and the book provides help in pricing out bills of quantities at loc 
and current rates, gives the information necessary for ordering materials, al 
explains the economic considerations arising out of such work. 
See also CONSTRUCTION. 


Factory Licutine. British ELECTRICAL DEVELOPMENT ASSOCIATION AND ELECTR: 
Lame Manvracturers’ Association Licutrne SERvicE Bureau. “ Moder 
Factory Lighting, including Special Wartime Requirements.’ 1940. 2 Savoy 
Hill, W.C.2. 8s. 6d. { 

Fens, Tor. Darsy, H. C. “The Medieval Fenland.” 1940. Cambridge Uni: 
versity Press. 12s. 6d. ; 

The Author describes the earlier stage in the exploitation of the Fens—the 
pre-drainage period—beginning before the Domesday survey and ending in the 
fifteenth century. The companion volume, “ The Draining of the Fens”, ¥ 
mentioned in the “ Journal ” for April 1940 (Notices, p. [9]). 

Frames. See StrRUCTURES. 


Furnacrs. Kratz, A. P., and Konzo, 8S. ‘“ Investigation of Oil-Fired Forced-A 
Furnace Systems in the Research Residence.” Bulletin No. 318, 1939. 
versity of Illinois Engineering Experiment Station, Urbana. 90 cents. 


Gasrs (War). See AtR-DEFENOCE. 

HEATING AND VENTILATION. See FURNACES. 

Hypravuics. See Nizz, River. 

InrLuENcE-Lines. Ertxsen, B. “ Influence Lines for Thrust and Bending Momen 


in the Fixed Arch.” (Reprinted from Concrete and Constructional Engineerin 
1939. Concrete Publications. 38. 


Lirts. INTERNATIONAL Lazour Orricn. “Safety in the Conabracticn and Use o 

Lifts.” 1939. P. 8. King. 6s. 
Licutine. See Facrory Licutrna. i 

Lonpon. *STEVENS, F. L. “Under London. A Chronicle of London’s Und 
ground Life-Lines and Relics.” 1939. Dent. 8s. 6d. ; ee oe 

Descriptions are given of the building and operation of London’s main drainag 

system, of the subways carrying the gas, water, telephone, and electric com 

munications, of the underground railways, of the Thames tunnels, of undergroun 
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canals and rivers, and of crypts, vaults, and Roman relics. A final chapter deals 
___ with London’s underground air-raid shelters. 

MANAGEMENT. Warxtns, G.S8.and Dopp, P. A. ‘“‘ Management of Labor Relations.” 
A 1938. McGraw-Hill. 24s. 

Marerrats. Wituny, M. O., and Aston, J. ‘“ Johnson’s ‘ Materials of Construc- 
2% tion’”. 8th ed., 1939. Chapman and Hall. 36s. 

Navication. Apmiratty. “ Navigation Manual.” Vol. 3. 1939. H.M.S.O. 
> 7s. 6d. 

Nuz, River. Ecyrt. Ministry or Pusiic Works, Irrigation DEPARTMENT. 
er * Hydraulic Features of the Nile Flood of 1938.” 1940. No Price. 

— Smurma, Y. M. “Suspended Matter in the Nile. Report on Investigations 
(4 relating to the Aswan Reservoir.” Physical Department Paper No. 40. Govern- 
_~ ment Press, Cairo. 4s. 

BF exams, Hornevck.e, T., and Brucn, A. K. “ Herbert Akroyd Stuart and 
2 the Development of the Heavy Oil-Engine.” 1940. Diesel Engine Users’ Associa- 
2 tion. 10s. 6d. 


ORTS anp Harpours. * Hurp, Sir A., Hd. ‘“ Shipping World Year Book and Port 
Directory of the World.” 1940. Shipping World. 26s. 


UARRIES. * Directory of Quarries, etc.” 6th ed., 1939. Quarry Manager’s 


| Railway.” 1940. Locomotive Publishing Co. 10s. 
—— Fenmon, K.G. “British Railways To-day.” 1940. Nelson. 2s. 6d. 


2 


Rivers. See Nuz, River. 

Roaps anv Streets. Aca, T. R. “ Construction of Roads and Pavements.” 5th 

ed., 1940. McGraw-Hill. $4. 

— B.S.I. No. 892—1940. “ British Standard Glossary of Highway Engineering 
Terms.” 5s. 

This Glossary, approved by the Road Engineering Industry Committee and 
endorsed by the Chairman of the Engineering Divisional Council, is the result of 
- work extending over several years with the aim of securing a more exact usage of 

technical terms and of enabling the student and layman to understand the termino- 
logy peculiar to road engineering. 
— Mmusrrey or Transport. “Standard Forms, Conditions of Tender and 
Contract for Road and Bridge Works.” (Revised July 1938.) Issued for the 
Guidance and Use of all Highway Authorities in England and Wales, and in 
Scotland. 1938 and 1939. H.M.S.O. 9d. each. f 
rime-Stock. Brrxkwortn, R. E. “ Axleboxes and Related Parts.” 1936. 
- Locomotive Publishing Co. 6s. 
ors. TrrrineTon, J. S. “Design of Pyramid Roofs.” (Reprinted from Con- 
crete and Constructional Engineering.) 1939. Concrete Publications. 3s. 


reTy. See LirTs. 

WAGE-DISPOSAL AND SEWERAGE. BasBsiIvT, H. E., and Caupwert, D. H., 
“ Laminar Flow of Sludges in Pipes, with special reference to Sewage Sludge.” _ 
Bulletin No. 319. 1939. University of Illinois Engineering Experiment Station, 

_ Urbana. 65 cents. ‘ 
morricaTions. Yorxs,F.R.S.,Hd. “ Specification, 1940.” 1940. Architectural 


Press. 10s. 6d. ae 


_ Water. *“ Water Engineer’s Handbook and Directory.” 1940. Water and Wale: 
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Sruzt. Bruckner, W. H. “The Hardenability of Carburizing Steels.” Bull 
No. 320. 1939. University of Illinois Engineering Experiment Station, Urba 
70 cents. 
See also STRUCTURES. 
Sroxrnc. ArtrusMAN, H. D. ‘Stoker Handbook.” 1939. Lippincott. 15s. 
Srructurns. Anonymous. ‘“ Welded Steel Structures.” 1940. Broadway 
vertising Service, Broadway Buildings, 8.W.1. 5s. 
—— Grier, L. E. “ Automatic Design of Continuous Frames in Steel 
Reinforced Concrete.” 1939. Macmillan, New York. 20s. 
This book is intended to provide all the information needed by the designe 
to enable him to apply automatic design methods to a continuous structure wit! 
straight or haunched members. The method described is particularly useful : 
the design of reinforced-concrete frames, for which the number of probab 
variables is higher than with steel. 
—— Sporrorp, C. M. “Theory of Structures.” 4th ed., 1939. McGraw-Hil ] 
40s. 
Supmarres. ‘ Report of the Tribunal of Enquiry into the loss of H.M.S. Theti 
1940. H.M.S.0O. 1s. 
Surveyine. Sratey, W. W. “ Introduction to Mine Surveying.” 1939. Oxford 
University Press. 21s. 
See also Eouo-Sounpine. 
SwitcHEs anD SwitcHaEAR. Coates, W. A., and Praron, H. ‘“ The Switchgea: 
Handbook. Vol.2. Application.” 1940. Pitman. 21s. : 
TraFFic. Eno, W. P. “Story of Highway Traffic Control, 1899-1939.” 1939: 
Eno Foundation, Saugatuck, Conn. $4. 
Transport. Lona, W. R. “ Transport Control Abroad.” 1939. Superintendent o! 
Documents, Washington. 40 cents. } 
—— Mancz, SirH.O. “The Road and Rail Transport Problem.” 1940, Pitma .. 
7s. 6d. 


an 


Engineering. 8s. 6d. 

___ This provides a comprehensive guide to the water undertakings of the Britis 

Empire, and to the catchment boards and drainage authorities of Great Britain, 1 

addition to statistical data in regard to water-supply and hydraulics. 
Wetpinae. See Srructurss. 


Wrretess. Camm, F, J, “The Practical Wireless Encyclopedia.” 7th ed., 1939. 
Newnes. ‘1s. 6d. 


—— Wrrts, A. T. “The Superheterodyne Receiver.” 4th ed., 1940. Pitman. 
4s. 6d. : 


Wrrrnc, Evncrrican. Ricurmr, H. P. “ Practical Electrical Wiring.” 1939. 
McGraw-Hill. $3. 


Works, Pusuio. Coupmro, J., Hd. “Travaux Publics.’ 59th ed., 1940. Dunod; 
Paris. 26 francs. 


(* The foregoing books, with the exception of those marked with an asterisk, may be 
borrowed from the Loan Library.) 
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2 LOCAL ASSOCIATIONS. 
< . REPORTS. 


Birmingham and District Association. 


% On Thursday, 4 April, Mr. J. L. Matheson, M.Sc., Assoc. M. Inst. C.E., 
read a Paper on “ River and Estuary Models.” 


Rdinburgh and District Association. 

‘ The Annual General Meeting was held on Wednesday, 17 April, and 
was followed by a Paper on “ Emergency Bridging”’, by Mr. J. L. White, 
B.Sc., Assoc. M. Inst. C.E. 


Vorth- Western Association. 
- The Annual General Meeting was held on Wednesday, 17 April, followed 
by a Paper on “ The Northwich By-pass ”, by Mr. T. A. Proctor. 


Vorithern Ireland Association. 


| The Annual General Meeting was held on Monday, 22 April, and was 


allowed by a Paper on “ The Institution Research into the Deterioration 


uth Wales and Monmouthshire Association. 
On Tuesday, 9 April, the Chairman, Mr. James Hassall, M. Inst. C.E., 
ve an Address. 


uthern Association. 

‘The following meetings have been held :—Thursday, 25 April, at 
hampton, when Mr, G. W. Rooke, B.A., B.A.I., Assoc. M. Inst. C.E., 

a Paper on “The Quay Widening at Berths 34-36, Southampton 

s”; Thursday, 2 May, at Portsmouth, Annual General Meeting and 

Paper on “ The Development and Construction of the London Tube 
ways”, by Mr. P. E. Sleight, M. Eng., Assoc. M. Inst. C.E. 


Yo kshire Association. 

he Annual General Meeting was held on Saturday, 20 April, at 
eld, and was followed by a Paper on “ Dock Construction at Southamp- 
, by Mr. M. G. J. McHaffie, M. Inst. C.E, 


2 
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INSTITUTION LUNCHEON. 


A Luncheon was held by The Institution at the Savoy Hotel, Stranc 
on Friday, 19 April, 1940, when 268 members and guests were presen 
Sir Clement D. M. Hindley, K.C.I.E., M.A., President, was in the Chai 

The toasts of “The King” and “The President of the Frenc' 
Republic ”, proposed by the President, having been honoured, The Rt 
Hon. Sir Jonn ANDERSON, G.C.B., G.O.S.L, G.C.LE., M.P., Secretarz 
of State for the Home Department and Minister of Home Security, pr 
posed the Toast of “ The Institution of Civil Engineers.” He said: I an 
very grateful to the President for the honour that he has done me in askin; 
me to propose the Toast of this great Institution, The Institution of Civy 
Engineers. I am grateful partly because it gives me the opportunity « 
paying a debt. The payment of debts is one of the processes that ough 
to give equal satisfaction to the giver and to the recipient. Both in thi 
work that I have been called upon to do since I entered the Government! 
18 months ago, and previously during 6 years of service in India, I hays 


the work that engineers had to do for me was perhaps more spectacula 
a great irrigation scheme or a bridge of record dimensions is more il 
pressive in the command that is secured over the forces of nature than th: 
sort of work that engineers have been called upon to do in connexion witl 
civil defence. Both, however, are equally valuable. 

Alike in India and here I have been very much interested in the pi 
cesses by which engineers arrive at their results. We all know the signi 
ficance that attaches to the term “ A.1 at Lloyds ” in the world of shippin 
it is a symbol which stands for high quality and for the ruthless rejection 
of anything in the nature of shoddy work, for the determination that: 
structure shall be fully equal to all the demands put upon it. In the work 
of English engineering, the hall-mark of The Institution of Civil Engineé 
has, I think, something of the same significance as “ A.1 at Lloyds.” 
_ Ihave referred to the world of English engineering, but that was b 
inadvertance ; I should perhaps have referred to a profession mann 
predominantly by Scotsmen in which a judicious admixture of the Englis! 
element has been permitted. (Laughter.) I have sometimes wondere 
what it is in engineering that appears to make a special appeal to tl 
Scot—whether the precision that the engineer brings to bear on his worki 
specially attractive to the exact, logical mind of the Scotsman, whether th 
mastery which the engineer acquires over the forces of nature appeals t 
some perhaps not very worthy emotion in the Scot, or whether, on t 
other hand, the material prospects offered by engineering furnish +h 
incentive ; Ido not know. (Laughter.) But Sir John Reith, who is both 
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3cot and an engineer, and who is to speak this afternoon, may perhaps be 
uble to furnish you with an authentic explanation ! 
- But this I do think about engineers, that they are very fortunate in 
aaving to practise an art which rests at all points upon a sound scientific 
jasis. When you engineers approach your tasks, you have normally 
umple statistical and experimental data ; you know all about the properties 
of the materials with which you have to deal, and the mechanical principles 
ipon which you rely have been expressed in exact mathematical formulas. 
if is only in fixing what I believe is known as your margin of safety that the 
liseretionary element really enters in. In regard to that, I recognize that 
here may sometimes be a slight conflict of interest between the engineer, 
vhose professional reputation is bound up in the success of his work, 
ind those who have the privilege of paying forit. (Laughter.) That, how- 
ver, is by the way. 
- Contrast the function of the engineer, as I have endeavoured briefly 
0 describe it, with the task of the politician! In statecraft, experimental 
lata are often almost entirely lacking. The properties of the material, 
fhich is normally human material, with which the statesman or politician 
1as to deal, are largely incalculable ; the limits of error are correspondingly 
yreat, and the margin of safety is frequently non-existent. Where you 
wngineers can demand precision of thought, the politician has often to 
jope with a weak, well-intentioned woolliness of mind which too often 
yasses for vision. (Laughter.) I cannot help recalling the remark of a man 
ho occupied, and occupies, a distinguished position in our public life, 
n he said that, finding himself in the company of men of goodwill, he 
sighed for the society of men of hard heads, (Laughter.) 
‘I am led to these reflections, gentlemen, by the contemplation of a 
eture which, in my temporary role of statesman or politician, I have 
cently been called upon to erect with the assistance of the public depart- 
ts and the local authorities up and down the country, the structure 
civil defence. When we endeavoured to build that structure we had 
‘statistical basis to go upon, we had very few experimental data, and we 
to deal with incalculable human material. We had-to proceed, in 
upon a basis of assumptions, and of assumptions, moreover, that 
constantly changing, because they depended upon the attitude of 


r structure might be called upon to withstand were unknown. But, 
ntlemen, there was one factor of safety on which throughout we could 
d we can rely, and that is the moral fibre of our own people. (Applause.) 
have no doubt that after months of effort we have arrived at a point 
where we may feel fairly confident in the sphere of civil defence that, 

atever may befall, the structure that we have brought into being will 
and the most severe test. (Applause.) 


ngincer, because the provision of shelter against air attack was one of 


r people whom we had no means of controlling. The shocks which ~ 


In the building of that structure we are under a great debt to the é 
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the most important and one of the most worrying of our obligations: 
There, too, there was a lack of the necessary data, and the enginee P| 
fear, were called upon to depart to some extent from their customa 
practice and had to proceed with the preparation of designs, and ever 
with the execution of work, before all the statistical and experiment x 
data that it would have been desirable to collect in advance had beer 
made available ; but the results of their work were in due course put to th H 
test, and to severe tests, and I think that I am justified in saying that tha 
work has proved to have been sound both in conception and in executi or 

At this moment we find ourselves faced with a new difficulty, a difficult 
due to shortage of material or to growing demands from other quarter! 
upon the available material. Timber, upon which at one time we to so n 
extent relied, has to be very carefully conserved, and now steel, which i: 
required for ships, for guns, and for a multitude of other war purposes 
can no longer be spared in substantial quantities for civil defence. 
have therefore to turn to other materials, and I am very glad to know thas 
engineers have been’ able to produce designs in unreinforced concrete ane 
in brick which will go a long way towards taking the place of the ear ie\ 
designs that relied upon the use of steel or of strongly reinforced concrete 
In that respect, too, we are very greatly in the debt of the engineers. 

You are all busy men, and I have a few things to do myself, so tha; 
I do not want to detain you, but I would say one word more. What I havi 
been saying has been concerned with the war; I want to say just on 
further word about what is to come after. One of the saddest reflection! 
in a sad world is, to my mind, the thought of the heritage into which ou! 
children will enter. It will be of little use to have won the war—and w' 
shall win the war—if we cannot successfully deal with the problems whie) 
peace will bring, (Cheers.) We had some experience in the last war o 
the difficult and painful processes of reconstruction and readjustmen 
which had to be gone through in the succeeding years. There is m 
reason to suppose that those processes will be less difficult or less painft 
after this war, but there will be less excuse for not having done all thati 
humanly possible to prepare for those processes and to make them a 
little painful and as little irksome as they need be. i 

I am very glad to see evidence of attention being given in increasin 
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" measure to the problems that will arise and confront us—urgent, insisten 


problems—when we have again emerged from the horrors of war into ; 
period of peace; and I venture to think that in the matter of plannin 
for peace the engineers have their part to play. One thing is certaii 
we shall emerge when the war is over into a world greatly impoverished 1 
material things, and in the processes of rebuilding the engineers will have. 
great part to play, They may have to change some of their standard: 
and to alter some of their conceptions of what, from the point of view 
the engineer, would be the ideal method of procedure ; but I am certe 
that if engineers will, during the period of war and in spite of their f 


ee) 


jecupations, spare some time and thought to the later problems of recon- 
truction, they will be able to do a great deal to make up for the years 
vhich the locusts will have eaten. 

_ I ask you to rise and drink to the health of The Institution of Civil 
ingineers, coupled with the name of its President, Sir Clement Hindley. 
Applause.) 

_ Sir Crement D. M. Hinpiey, K.C.I.E., M.A., President of The Institu- 
ion, who responded, said: In the circumstances in which I find myself 
it present, I might perhaps secure a good deal of approbation from this 
wudience if I followed the example set at a recent function by saying 
‘ This is no time for a speech from the Chair. You have heard Sir John 
Anderson ; now hear Sir John Reith.’ But I cannot rid myself of my 
esponsibilities in that quick and easy way, nor would it be in accordance 
vith my inclination or with yours ; because we owe a great debt of gratitude 
0 Sir John Anderson for making time to come here to be with us to-day 
ind for giving us such a stimulating and encouraging address. (Applause.) 
The Institution, like many other professional bodies in war-time, is 
Xperiencing a good many difficulties, but at the outbreak of war we took 
he decision that we would carry on with our essential activities to the 
yest of our ability and as circumstances would permit. A good deal of 
that might be called the superficial ritual of an Institution’s life had to be 
sat out, for the time being at any rate, but we have concentrated on certain 
hings. For one thing, we have determined that during this war, however 
ong it may last, we will not let our standards down in any way, and we 
vill carry on as well as we can with the object of seeing that our young 
men—our Students and our young members—have no interruption, or as 
ittle interruption as possible, in their studies and training, and that when 
hey are trained they will be used to the best advantage in the national 
nterest. We realise the vital necessity of providing a continual flow of 
foung men into the profession, both for the prosecution of the war and for 
he time afterwards of which Sir John Anderson has so rightly reminded 
is. In that connexion, I think we ought to pay some tribute to the 
ision—I might almost say the unusual vision—which is being displayed 
yy the Government in the regulations and arrangements which they have 
made for the calling-up of young men, so that our Students and those who 
wre going to enter the profession will not be interfered with unduly. We 
lave kept in close contact with those who control these matters, and we 
:. also formed a very close liaison with the military authorities, so that 
ve know that our Students, when they are called-up, will be used in such 
| way as to take advantage of their technical training. 

_ That Sir John Anderson has reminded us of the work to be done after 
he war comes very aptly, because we have been considering this problem 
y seriously, and up to the present we have felt that we had rather failed _ 


at I need say is that we are fully alive to the enormous amount of work 


attract the attention of the “Powers that Be” to its urgency. All — 
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that will have to be done in the period of reconstruction after the war, anc 
that we, as an Institution, are ready to play our part to fulfil any ta 
_ which may be asked of us in that direction. (Cheers.) | 
I now want to say a word about Sir John Anderson’s work in buildin 
up the great organization of civil defence. In these days, to recruit, train 
and equip an army for military purposes is no mean problem, even though 
those who do it have hundreds of years of tradition on which to fall back: 
To create what Sir John Anderson has done, an organization for civi' 
defence, had to be done without any experience or tradition upon whieh 
to draw. The conception was indeed a very great one; it was to buil 
up a means of protection for the civil population on the basis of the existin; 
organization of local government in our boroughs, towns, and citiess 
I make bold to say that that is a much more stupendous task than that o1 
those who have had to recruit and equip military organizations. We 
to-day this great civilian army in being throughout the country in various 
stages of efficiency and training, based upon no rigid military discipline 
but on that kind of self-discipline which I believe follows from the habit 
of mind of freedom and living under free institutions. 


organization is on its toes, so to speak. For that state of affairs we h ave 
to thank Sir John Anderson and the men who have worked with himi 


to-day between two of the most courageous men in public life that we 
have seen for many years. Anyone who takes on the job that Sir Jol 
Anderson has taken on must be full of courage, and we know from his 
previous record in public life that he is a great and courageous mai 
(Cheers.) On my left I have another lion-hearted man, a man of gre 
courage, Sir John Reith, one of our Members whom we have the pro t 
privilege to entertain as our guest. (Applause.) We are particularly 
pleased at his recent appointment ; in fact, I have heard it described as 
up to last week, one of the finest things that the Government had don 
since the beginning of the war. Sir John Reith will forgive me if I sa 
that we, as engineers, feel specially proud that one of our number ha 
been recognized as a great administrator, because too often, and indee 
generally, in the past engineers have been relegated to positions wher 
they carry out the orders of lawyers and financiers and politicians. W 
believe ourselves that the experience which we have, not only in controlli 
the great forces of nature but in controlling the great human forces wit 
which we have to contend in our work, gives us some experience an 
enables us to act as administrators. We shall all feel that that muel 
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maligned department, the Ministry of Information, is in good hands with Sir 
John Reith in charge of it. I hope that if and when he gets control of the 
censorship he will see that the work of the engineer is not blue-pencilled 
(laughter) because a great deal can be said about the work of engineers— 
not only of civil engineers, but of all other engineers as well—in this war. 
_ I feel that, although I have perhaps no right to speak for the other great 
Institutions of engineers, there is one sentiment which I can safely express 
as their representative, speaking for some fifty or sixty thousand qualified 
engineers in the various branches of engineering, and that is that we are 
determined during this war to do everything that is in our power, without 
regard to any self-interest or sectional feeling, to help the Government in 
the prosecution of the war. (Applause.) 
- I am now going to ask you to honour our guests. I have already 
mentioned our two principal guests, and I should like to mention especially 
another guest of great distinction, Mr. Herbert Morrison, the Leader of 
the London County Council. (Applause.) We assure him that there is a 
warm place for him in the heart of every engineer. We remember the 
work that he did when he was Minister of Transport, and we know full 
‘well the enormous burden which he has to carry as Leader of the London 
County Council in these difficult times. There is one incident, if I may 
Tecall it, which has always given us the greatest sympathy for Mr. Morrison; 
I refer to the day when he showed the world what engineers ought to do 
y taking a pickaxe to Waterloo bridge. (Laughter.) I have always felt 
hat that was an object-lesson well worth seeing, and I am sure that ever 
nce that date we have looked on Mr. Morrison as in heart, if not in train- 
ig, something of an engineer. (Applause.) 
There is one other guest whom I would mention, because the work of his © 
hands is so visible to-day—Engineer Vice-Admiral Sir George Preece. 
Applause.) It is no exaggeration to say that what has been done in the 
orth Sea and Scandinavia in the last few days is very largely the result 
of the work of Sir George Preece and his department in engining the ships 
so that they can carry out their lawful avocations, and we owe a deep debt 
f gratitude to the engineers of the Navy for what they have done. 
A pplause.) 
We have a large number of very distinguished guests with us, and we 
wre very grateful to them indeed for having made the opportunity to come 
. to be with us. We have the Presidents of other engineering Institu- 
ions; we have the heads of many Government departments, and 
ninistrators of many new activities of Government ; and we have 
ntists who help us in our work. They will forgive me if I do not men- 
mn them by name. They are all very welcome, and we feel greatly 
oured that they should be able to be with us. (Applause.) I ask you 


‘Sir John Reith. (Applause.) 
The Rt. Hon. Sir Joun C. W. Rerru, P.C., G.C.V.O., G.B.E., D.C.L., 


drink the toast of Our Guests, coupled with the name of the Rt. Hon. — ; 
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LL.D., M.P., M. Inst. C.E., Minister of Information, who responded, said 
I feel at home in this gathering, but I wish that the eminent place I occupy 
now on the left of your Chairman were due to some achievement in tha 
profession rather than to the fortuitous, transitory, and very indefinitd 
authority of Government office. I should be glad to speak about the 
Ministry of Information—if there were time. The President has certainly 
given me an opening. I will tell you one function of it, and one only ' 
and it is one which may not have occurred to you. The head of one of the 
other Government departments said to me recently that he was profoundly 
grateful, and that all his colleagues ought to be equally grateful, to t he 
Ministry of Information, because it attracted so much criticism that we 
diverted attention from them. (Laughter.) In fact, we were a sort Of 
Governmental sump (laughter)—a Governmental sump for criticism. 
such I have no doubt the Ministry of Information is fulfilling quite a usefui 
purpose, in addition to those other functions which we are endeavourim 
with greater or lesser success to fulfil. 
Sir John Anderson questioned the motives for entering this i Lt 
I will give you my experience: a long apprenticeship, the nec 
theoretical training in a university, with admission to this Institution, 
then an interview with Sir Ernest Moir, in which he asked me how m cl: 
I thought I was worth. I considered I was tolerably well qualified, and 
I hazarded ‘“ £250 a year—Sir.” He replied, “I will give you thirty bol 
a week to go to the Royal Albert dock and show what you can do,’ 
(Laughter.) I was so annoyed that I went. (Laughter.) 
Perhaps I shall get into trouble for what I am going to say ne ct i 
it has nothing to do with politics. I would rather have been responsible 
- for building a Panama canal than for having done whatever it is I an 
supposed to have done in the British Broadcasting Corporation; and ii 
any of you have to undertake any work of that magnitude, I should b 
grateful if you would allow me to submit an application for employmen 
therein. I think I can undertake to put a ship canal through Scotland 
as quickly as anyone else—provided I were able to have Sir Noel Ashbridge 
and Mr. M. T. Tudsbery, of the B.B.C. and of The Institution. 
I agree with what the President has said as to the value of ane 
training. In peace and in war the engineer has been overlooked. Hoy 
high is the service he can render when, with all the detail and the care o 
his training, there goes administrative knowledge and experience. I agre 
with the President that the place of the engineer in the administration 0: 
the country is not what it might be. In replying to this toast, I am sur 
we are still ready to remove mountains and to make crooked paths straigh 
i aay: you the opportunity for doing so. Asa Member, I say “ Good luel 
to us”, and as one of your guests, I say “Good luck to you, and than 
you.” (Applause.) 


The proceedings then terminated. 
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LUNCHEON TO THE AMERICAN AMBASSADOR. 


- The Councils of the Institutions of Civil and Mechanical Engineers 
mtertained the Hon. Joseph P. Kennedy, United States Amdassador in 
London, to luncheon on Thursday, 23 April, 1940, at which Mr. Kennedy 
‘ormally presented certificates of honorary membership of the American 
Society of Civil Engineers to Mr. W. J. E. Binnie, M.A., Past-President 
inst. C.E., and of the American Society of Mechanical Engineers to Mr. 
. Bruce Ball, Past-President I. Mech. K. 
- Sir Clement D. M. Hindley, K.C.I.E., M.A., President Inst. C.E., who 
sresided, welcomed Mr. Kennedy, and observed that the occasion was 
= and memorable in that it sealed the friendship which had long 
xxisted not only between the two Institutions, but also between them 
ynd the American Societies which shared their work, the American Society 
of Civil Engineers and the American Society of Mechanical Engineers. 
Although the British Institutions were senior in point of time to the 
American Societies, they were all founded on the same ideals, built up on 
similar traditions, and worked towards the same end ; namely, the advance- 
ment of mechanical science. Sir Clement then recapitulated the history 
of the joint British-American meeting, and said how deeply disappointed 
they all were that the meeting had had to be cancelled, so that the kind 
preparations made by their American friends had had to be abandoned. 
War interrupted, but did not terminate, free intercourse between technical 
men of different nations, because the bond of common pursuits and ideals, 
sogether with the service of a common science, had no relation to national 
boundaries or forms of government. The brotherhood of engineers would 
sontinue despite wars and international complications. In closing, Sir 
lement recalled previous visits to the United States of America, and said 
th iat they were very gratified that the American Societies had seen fit to 
mark the occasion of the visit last year by extending to the then Presidents 
of the respective Institutions, Mr. Binnie and Mr. Bruce Ball, the greatest 
honour in their power, namely election as Honorary Members of those 
So sieties. They were most grateful to Mr. Kennedy for having spared the 
time to be present, and he hoped that the Ambassadot would not only 
nvey to the American Societies their deep thanks for the honour they had 
id to them, but would also convey the belief that the brotherhood of 
sineers was a greater power for good and of more lasting value than 
ry of the political faiths which were leading mankind to destruction. 
fe then requested the American Ambassador to present the diplomas. 
His Excellency the American Ambassador then presented the certificate 
Honorary Membership of the American Society of Civil Engineers to— 
. W. J. E. Binnie, M.A., Past-President of the Institution of Civil 
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Engineers, and the certificate of Honorary Membership of the Ame 
Society of Mechanical Engineers to Mr. E. Bruce Ball, Past-President 0 
the Institution of Mechanical Engineers. 
Mr. W. J. E. Binnie expressed his gratification at receiving Honorary 
Membership of the American Society of Civil Engineers, and, recalling th 
visit of American engineers to England in 1889, when Sir John Coode, th 
President of the Institution of Civil Engineers, entertained them, he referré 
with emotion to the touching address sent by the American engineers 0 
learning that Sir John had died shortly after their visit. 
Mr. Bruce Ball also said how much he prized the honour conferred upon 
him and remarked on the bitter disappointment of the British engineer 
when the visit to America in 1939 had had to be cancelled. He felt tha 
the giving of the certificates had greatly strengthened the bond of friend 
ship between the American Societies and the British Institutions. | 
Mr. Asa Binns, President I. Mech. E., remarked that a former American 
Ambassador had said that he greatly respected the Pilgrim Father: 
but he reserved his highest admiration for the “ Pilgrim Mothers,” who ha: 
not only shared all the hardships and perils of the Mayflower expedition! 
but had also to endure the Pilgrim Fathers. On the present occasion th 
Councils of the Institutions had called upon the American Ambassadoi 
to endure the latter-day pilgrims, both civil and mechanical, who failed t 
invade America last autumn. Mr. Kennedy had acted as a catalyst in 
bringing together the Councils of those Institutions, and it was a grea: 
honour he had paid them. He had great pleasure in proposing the healt: 
of His Excellency the United States Ambassador. 


The toast was received with enthusiasm and was briefly acknowledge 
by His Excellency. ; 


% 


The proceedings then terminated. 


